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(54) Storage apparatus 

(57) A track jump control unit adds an FF signal for 
repetitive disturbance compensation obtained by a 
learning control which is used in a track-following con- 
trol and a final value of an FB control low band compo- 
nent just before a track jump to a track jump signal to 
move a light spot to an adjacent track, thereby driving a 
carriage. As a track jump signal, a first kick pulse of a 



predetermined acceleration, and a predetermined time, 
a second kick pulse which continues at a predetermined 
acceleration until a detection of a track zero-cross point, 
and a brake pulse of a predetermined acceleration 
(deceleration) and a predetermined time are used. 
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Description 

BACKGROUND OF THE INVENTION 
5 Held of the Invention 

[0001 ] The invention relates to a storage apparatus such as an optical disk drive or the like for recording and repro- 
ducing information to/from a medium such as an optical disk or the like and, more particularly, to a storage apparatus 
which can stably move a light spot to an adjacent track by a track jump even under a circumstance of an eccentricity of 
10 a disk, a frictional disturbance occurring by a positioner mechanism, or a disturbance from the outside of the apparatus. 

Description of the Related Arts 

[0002] In a conventional optical disk drive, to raise track-following performance of a light spot to a medium track, 
is there is used a double stage (fine/coarse separation driving type) positioner comprising: a carriage actuator (VCM) for 
a seek control (also referred to as a coarse control) for moving a carriage supported by a ball bearing for a guide rail 
which is fixedly arranged; and a tracking actuator for a track-following control (also referred to as a precision control or 
tracking control) for moving a laser beam in the direction which transverses the tracks by the driving of an objective lens 
mounted on the carriage. In recent years, however, an apparatus using a single stage (fine/coarse integrated driving 
20 type) positioner in which a tracking actuator is omitted and only a carriage actuator is used is also widespread for the 
purpose of the reduction of costs of the apparatus. In the single stage positioner, a simple slide bearing is formed by 
removing a ball bearing from a bearing portion, thereby reducing the number of parts and costs. 
[0003] Since the optical disk has a spiral track, a track jump for moving a light spot to an adjacent track is performed 
at a predetermined position for every rotation of the optical disk during a track-following control. As a conventional track 
25 jumping method, generally, a low band component of a control output of a feedback control system is held during the 
track jump, thereby stabilizing the track jump (JP-A-2-152020, JP-A-7-1 10950). In an apparatus such as a single stage 
apparatus in which the frictional disturbance of the positioner cannot be ignored, however, there is a case where a suf- 
ficient compensation is not performed. 

[0004] Fig. 1 A shows a positioner displacement 300 in the seeking direction of a carnage for a guide rail during a 

30 track-following control with respect to an apparatus of a conventional single stage positioner. Fig. 1 B shows a positioner 
speed 302 in the seeking direction. Fig. 1C shows a positioner acceleration 304 in the seeking direction. Further, Rg. 
1 D shows a relation of a driving current 306 which is supplied to a VCM. For simplicity of explanation, it is assumed that 
an eccentricity of the disk comprises only a primary eccentricity, a rotational speed is set to 4500 rpm (75 Hz), and an 
eccentricity displacement amplitude is set to ±35 jim. In the eccentricity tracking state, as shown in Rg. 1 A, the posi- 

35 tioner reciprocates on the rail synchronously with the eccentricity of the disk and causes the positioner speed 302 in 
Rg. 1 B and the positioner acceleration 304 in Rg. 1 C. If there is no friction or the like between the rail and the slide bear- 
ing portion of the carriage, the ideal track-following performance is realized by applying the VCM driving current 306 
shown by a broken line in Rg. 1D. However, in the single stage positioner, a disturbance due to a Coulomb friction in 
the bearing portion between the rail and the carriage cannot be ignored. The disturbance due to the Coulomb friction 

40 usually becomes a disturbance which acts in the direction opposite to the moving direction, namely, in the direction so 
as to obstruct the movement Due to the eccentricity tracking, the moving direction of the carriage which reciprocates 
on the rail is reversed twice a disk rotation. Actually, if the secondary eccentricity or the like cannct be ignored, there is 
also a case where the moving direction is reversed two or more times. A situation that the moving direction of the car- 
riage is reversed twice a disk rotation and the Coulomb frictional disturbance occurs corresponds to a timing when the 

45 positioner speed 302 in Rg. 1 B crosses the zero point and the sign is inverted as shown by circles 308-1 to 308-4. 
When such a Coulomb frictional disturbance is simply modeled, it can be regarded as a step-like disturbance in which 
the direction of the disturbance force is abruptly inverted in dependence on the sign of the positioner speed and 
becomes a frictional disturbance 310 as shown by a broken line in Rg. 1C. A case where a coefficient of friction Ox) is 
equal to ji = 0.4 is presumed here. In such a storage apparatus, to realize an ideal track-following control, the drive cur- 

so rent is not limited to the VCM driving current to generate the positioner acceleration but it is necessary to use a VCM 
driving current 31 2 as shown by a solid line in Rg. 1 D by further multiplexing the driving current to cancel the frictional 
disturbance to the VCM driving current When considering a case of the 1 -track jump for moving the light spot to the 
adjacent track, it is considered that time that is required to move the light spot to the adjacent track is generally equal 
to about 500 jxsec or less. On the other hand, a disk rotating frequency is a relatively low frequency of, for example, 75 

55 Hz (13.3 msec per period). In such an apparatus that the Coulomb frictional disturbance can be ignored, it is considered 
that a change in disturbance force that is presumed for a short time during the track jump is very small. A valid effect . 
can be expected even if a low frequency component of an output of a feedback control system is multiplexed during the 
track jump as in the conventional method. In the apparatus of the single stage positioner in which the Coulomb frictional 
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disturbance cannot be ignored, however, there exists a rotational phase area of the disk in which the VCM driving cur- 
rent needs to be steeply changed like a VCM driving current 312 shown by a solid line in Fig. I D to compensate the 
abrupt change of the frictional disturbance 31 0 in Fig. 1 C. Such an area exists at a position near a point shown by each 
of the circles 308-1 to 308-4 where the positioner speed 302 in Fig. 1 B becomes zero When considering a case where 

5 a 1 -track jump command is received just before the positioner speed becomes zero, there is a large change between a 
disturbance amount at a start point of- the track jump and that at an end point of the track jump. When the track jump 
command is received just before the positioner speed becomes zero, it is considered that the value of the low frequency 
component of the feedback control system is almost converged to the disturbance amount just before the track jump. In 
the conventional track jump, however, with respect to the low band component of the feedback control system, the value 

w just before the track jump is held and a feed-forward outputted during the track jump. Therefore, at the end point of the 
track jump, a large error occurs between the actual disturbance amount and the value of the low band component which 
is feed-forward outputted. so that there is a case where the track jump becomes unstable or the track jump fails. Since 
the track jump command is instructed from an upper controller irrespective of the rotational phase of the disk, if the track 
jump command is instructed in such an area where the frictional Disturbance changes, according to the conventional 

1S method of feed-forward outputting the low band component of the feedback control system during the track jump, there 
is a case where the output is incomplete. To solve such a problem, there is a method whereby the eccentricity speed is 
detected and the track jump command is outputted excluding an area where it is influenced by a static friction and the 
eccentricity speed becomes a value near zero (JP-A-9-35282). However, when the track jump command is issued in an 
area where the track jump is inhibited, a time lag occurs before the track jump command is executed and there is a fear 

20 of deterioration of random access performance. 



SUMMARY OF THE INVENTION 

[0005] According to the invention, a storage apparatus which can perform a stable track jump for an eccentricity of 
25 a disk, a frictional disturbance occurring by a positioner mechanism, or a disturbance from the outside of the apparatus 
" is provided. According to the invention, there is also provided a storage apparatus for realizing a stable track jump even 
in an apparatus which uses a single stage positioner and in which a frictional disturbance cannot be ignored. 
[0006] According to the invention, there is provided a storage apparatus cornprising: a recording/reproducing unit 
for recording or reproducing information onto/from a track by a light spot; and a track-following control unit for driving a 
30 positioner to move a position of the light spot by a feedback control signal from a feedback control unit based on a track- 
ing error signal TES showing a positional deviation of the light spot and the track and allowing the light spot to follow the 
track. 

(Track jump control) 

35 

[0007] According to the invention, the storage apparatus is characterized by having a track jump control unit for 
adding a feed-forward signal for repetitive disturbance compensation which is used for the track-following control to a 
track jump signal for moving the light spot to the adjacent track, thereby driving the positioner. As mentioned above, by 
feed-forwarding the repetitive disturbance compensation signal of high precision captured by the learning control for the 
40 track-following control during the track jump, adding the feed-forward signal to the track jump signal, and driving the 
positioner, a repetitive disturbance such as eccentricity disturbance, Coulomb frictional disturbance, or the like can be 
accurately compensated. 

[0008] The track jump control unit has a learning control unit for obtaining a function for one medium rotational 
period to set a positional deviation amount for the repetitive disturbance to zero by a learning algorithm as an approxi- 
45 mated function which was approximated and presumed and storing such a function as a feed-forward signal for repeti- 
tive disturbance compensation. As for the learning by the learning control unit even if it takes long time to settle the 
learning result due to a low learning gain, a compensation signal of a steep frictional disturbance of a high band in asso- 
ciation with the inversion of the carriage moving direction can be also included in the learning result that is obtained 
finally. By adding the learning control signal to the track jump control system by the feed-forward control, the steep fric- 
so tional disturbance can be removed from the track jump control system. By using the single stage positioner, a tracking 
' error for the eccentricity of the medium can be fairly reduced and the predsionofthe track jump control can be irr^ 

even if there is a limitation due to the existence of a high-order resonance and a control band is low. 
- [0009] The trac^jump control unit has a function to hold a final value of a low band component just before the track 
jump in the feedback control signal for track-following control and has a sample holder for adding the held final value to 
' 55 the track jump signal and the feed-forward signal for repetitive disturbance compensation, thereby driving the positioner 
during the track jump By feed-forwarding the value just before the trackjump of the low band compensation component 
of the feedback control system for the track-following control during the track jump together with the repetitive distur- 
. bance compensation signal as mentioned above, in addition to the repetitive disturbance such as eccentricity distur- 
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bance Coulomb frictional disturbance, or the like, a non-repetitive disturbance such as an oscillatory disturbance from 
theouts.d of the apparatus can be compensated with high precision. • a,sturoance from 

. ° urin ?. ^ track jump, the track jump control unit stops a low band compensating calculation in the feedback 

SS^^^T" timi h n9 „ dl T g the to *• elapse of a predetermined time cSSjSS' 

"™J? * a *f the end * the *** jump by holding internal variables just before the track jump and. thereafter restarts 

T^^Z^T 9 ^^ by USin9 heW i^terna, V8riab,es 38 initial Mentioned Se?So? 
of the calculation of a low band compensating filter performed during the track jump is continued during a ti^ierrt 

Tr ' eadHn after * e end <* •» *** *«* The calculation ol the .ow band ZSSiX * 

ZTSL 7S " ear V? 8 Whe " 1,18 tranSient reSP ° nSe iS Sett,ed and a *™ signal TCsTSve^ 

i^St™ " 3 !!^i t0n f" the ,0W band sensation component is vainly fluctuated due to the leadS 
SZ^tl^H P T ented 8nd 3 deteriorafon <* low band compensation precision by the low band comS> 
sating filter after the lead-in is prevented as much as possible. ^ e 

JJ°!ILk It*" ^ d emphasi2ina ,i,ter C° w band compensating filter) is constructed by a PI compensating filter In 

2 tEEE 2 "? l S 3 f ^ ^ 01 ** lQW band compensation component just before JBSt is 

£ ST. r ^ JUmP - 3 V3,Ue ° bt3ined by ^'y" 19 the final ^ before *• *** jump ofTe SgnS 
0 ^* e a ra P ' *yP e ,ow band compensation component" or an "I type low band compensation component" by acomeo 

2mn°, hi (C ^°H d,n9 to KP1 ° r RSS " 16> 17A> «* 17B > fe ««* Any of mose^ueTis hefd by Te 

sample holder and feed-forward added during the track jump. In case of using the feedback control unit a calculation 
of an integration compensation calculating unit (low band emphasis calculating unit in the JS^TSSS 
simultaneously wrth the start of the track jump while holding and outputting an integration Sbre theSS 

!Z" SnTn iTf J T ^ * apSe <* 3 after the end'of the trac^S 22 

jump signal), the integration compensation calculating unit continuously holds and outputs the irtegration value tat 
before the track jump and after that, restarts the integration compensating calculation by using EST integration 

m iu™ B ^ Sm T 3 V*** iS ****** to "» *"* jump side simultaneously with SSS 
track jump, an output of a phase-lead calculation is not reflected to a drive command signal. However a ptese^ead 

fZnn^H T * e calculation 6ven durin 9 *e track jump. That is. during the track-following cortrol until 

a timing just before the track jump, a phase-lead calculation is performed by using a PI compensation outputTl hpe 
low band compensation component) as an input. After the start of the track jump, an addition value of thrirteorafcn 
to^^n 0 ?^^ : 3S he ' d 10 3 C ° nStert and — a Sal (this signalt^n^S 

,° b f ned by mUlt ' P,y,n9 the Si9nal * "* is used as 30 in P ut - — the phase-lead calculation's 
thTS?" IT selector 's again swrtched to the phase-lead compensation output side simultaneously with the end of 

m!rS^ ^L ' 9n t ? 3 , i ! e3d " n COntr °' * Since tf,e P nase -'ead compensating calculation is continued as 

mentioned above, the valid dnvmg signal for the lead-in operation is outputted from the phase-lead compensating unit 

331 T"Z V . tt ! e ^ itCnin9 * Snce «be low band compensation signal held by theintegration cal- 

culating unit is also included in such an output, the low band compensation signal which has been feed-forward output- 

S a n^n 9 , £l UtTV *" * 9 Se,eCt ° r iS invalidated because the selector is switched to the O outputtide 
instantaneously wrth the start of the lead-in. After the elapse of a predetermined time from the start of the lead-in the 

?^ ra K 30n « C °^ e !l S3 l 0n ^ CUl3lin9 - Unit reStartS me inte 9rating calculation by using the held output as an initial value 
From this time point, the feedback control unit is recovered to a feedback control system of a perfect form for track-fol- 
lowing control also including the low band compensating calculation. 

™Lo t ™ e l0V l b3nd e 7 hasi2i "9 mer can be also implemented with phase-lag compensation. The phase-lag 
compensation can be equivalentiy realized by an additional synthesis of a direct transfer component (DC transfer com- 
i^elmbod^memr COmp0nent and a result ** a low pass f Bter calculation (the low band emphasis calculating unit 

[ S 3 L u feedback contro1 unit - 38 a ^"e that is fed-forward during the track jump, there is used a value 
1*i ? Y" 8 ! 9 fi T! ^ iuSt before the ^i^P o» a signal of either the "I type low band compensation 
component (actuary, although it is an output of a low pass filter, it is called an I type low band compensation component 
for convenience in the .nvention) or the "PI type low band compensation component" (also referred to a PI type for con- 
venience because of the same reason as that mentioned above) by the correction coefficient (corresponding to Kp1 or 
K^pm Figs. 16, 17A,and 17B). Any of those values is held by the sample holder and feed-forward added during the 

^? IT • C3Se °' USin9 the feedback control unit - calculation of the low band emphasis calculating unit is stopped 
while holding interna^ I variables in the fPter just before the track jump and holding the output just before the track j^ump 
simultaneously wrth the start of the track jump. During the track jump and until a predetermined time elapses after the 
end °* the ^ ,um P f end * ^e ^ck jump signal), the low band emphasis calculating unit continuously holds and out- 
. ^"eiuet before the track jump and. after thai restarts the low band emphasizing calculation by using 
tiie held filter internal variables and oulput value as initial values. Since th selector is switched to the track jump signal 
side simultaneously with the start of the track jump, the output of the phase-lead calculation is not reflected to a S 
command signal. However, the phase-lead compensating unit continues the calculation even during the track jump. 
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That is, during the track-following control until a timing just before the track jump, a phase-lead calculation is performed 
by using a phase-lag compensation calculation output (PI type low band compensation component) as an input After 
the start of the track jump, an addition value of the output of the low band emphasis calculating unit which was held to 
a constant value and outputted and a signal (this signal fluctuates in response to the TES change) obtained by multi- 
plying the TES signal by Kp is used as an input and the phase-lead calculation is continued. The selector is again 
switched to the phase-lead compensation output side simultaneously with the end of the track jump signal and the lead- 
in control is started. Since the phase-lead compensating calculation is continued as mentioned above, the valid driving 
signal for the lead-in operation is outputted from the phase-lead compensating unit instantaneously with the switching 
of the selector. Since the low band compensation signal held by the low band emphasis calculating unit is also included 
in such an output the low band compensation signal which has been feed-forward outputted during the track jump by 
the selector is invalidated because the selector is switched to the O output side instantaneously with the start of the 
lead-in. After the elapse of a predetermined time from the start of the lead-in. the low band emphasis calculating unit 
restarts the low band emphasizing calculation by using the held filter internal variables and output value as initial values. 
Rom this time point the feedback control unit is recovered to the feedback control system of a perfect form for track- 
following control also including the low band compensating calculation. More generally, the phase-lag compensation is 
constructed by a filter to emphasize a low band to improve a low band gain for low band compensation. However, in 
case of a compensation in which filters are serially connected like 

(phase-lag compensation) + (phase-lead compensation) 

the low band emphasis filter unit usually includes the DC transfer component of the proportional component That is, 
now assuming that a transfer function of the low band emphasizing filter is labelled as G L (s), it is expressed by 

G Li s)= bmSm +' mm + b ' s + b ° m 

a n s n + - ' -+a A s + a 0 

Generally, m <; n. If the low band emphasizing filter includes the DC transfer component of the proportional component 
the degrees of a numerator and a denominator are equal and m = n . When m = n , the transfer function of the equation 
(1) can be generally dissolved as shown by the following equation. 

G L (S) = G L '(s) + K Ql (2) 

[0014] Ql'(s) is the transfer function that is strictly proper (namely, the degree of the numerator is smaller than the 
degree of the denominator). That is, when the numerator and the denominator of the transfer function Gl(s) of the low 
band emphasizing filter are equal, as shown by the equation (2). it can be expressed by the sum of a direct transfer term 
(DC transfer term) (KqJ of the proportional component and the transfer function Gl(s) that is strictly proper. In the 
invention, G L '(s) is called a low band emphasis calculating unit. 

[001 5] In the feedback control unit which generally expresses the low band emphasizing filter, as a final value of the 
low band compensation component just before the track jump which is fed-forward during the track jump, a value 
obtained by multiplying the final value just before the track jump of the signal of either an "I type low band compensation 
component" (although it is actually an output of a low pass filter, it is called an I type low band compensation component 
for convenience in the invention) or a "PI type low band compensation component- (also called a PI type for conven- 
ience in the invention) by the correction coefficient (corresponding to Kp1 or K^p in Figs. 16, 17A, and 17B) rs used. 
Any of those values is held by the sample holder and feed-forward added during the track jump. In case of using the 
feedback control unit, a calculation of the low band emphasis calculating unit is stopped simultaneously with the start 
of the track jump while holding the filter internal variables just before the track jump and holding the output just before 
the track jump. During the track jump and until a predetermined time elapses after the end of the track jump (end ofthe 
track jump signal), the low band emphasis calculating unit continuously holds and outputs the output value just before 
the track jump and. after that, restarts the low band emphasizing calculation by using the held filter internal variables 
and output value as initial values. Since the selector is switched to the track jump signal side simultaneously with the 
start of the track jump, an output of a high band compensating calculation is not reflected to the drive command signal. 
However, a high band compensating unit continues the calculation even during the track jump. That is. dunng the track- 
following control until a timing just before the track jump, the high band compensating calculation is performed by using 
an output of the low band compensating calculation (PI type low band compensation component) as an input. After me 
start of the track jump, an addition value of the output of the low band emphasis calculating unit which was held to a 
constant value and outoutted and a signal (this signal fluctuates in response to the TES change) obtained by multiplying 
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to bMMM J SjhS 8 " ^ W9h com P ensatin 9 is continued. The se.ec- 

ror is again switcned to the high band compensation output side simultaneously with tho or ,H ^ +k a .-..^ ^. , 

and the lead-in conjol h started. Since the high band compensating S^l^as ^^ 
vabd driving s.gnal for the lead-in operation is outputted instantaneously with the swftchingTth? seS ?SnS2 £ 
band compensation signal held by the low band emphasis calculating unit is alsoSed in ISf!f5£?2 S 
band compensate signal which has been feed-forward outputted during the trackSptr ftTSLS5J£J££; 
SSS^Jf*!;* "J* - 10 ^ ° OUtPUt SidS ins *"*"«^.y the start ofTe foa£n AfS the e^se rf! 

2U!2 u • ** 8 c ° mm3nd 73,1,8 of *• track jump signal to move the light spot to the adjacent target track bv one track 
the track jump control unrt generates a command of a first kick pulse to output a predetermin^SaVceleration S 
^predetermined time T1. subsequently generates a command of a sec^Wck^teeZ^ \SS£1H 

I5«onf I?2 } ' ^ ? e "f rateS 3 command °» 3 brake P u, se to output a predetermined third acceleration (deceT 

S?X5 £^2S n T2 l me T3 in iuch a manner that *• jump is finished at a po-SSSIS SSL 

s 1M S£JlTt^?r? 3 POSiti ° n n6ar th8 peak 01 403 errar »gnal risnear a pos^n which 

is 1/4 track before the target track and after that, shifts the control to the track-following control bv the feedback , asntS 

ZtTZlTlZ ^JT^ 10 *• adjaCSnt frack - B * 1,13 generation of sue? ££££ £5E?!2! 
reve C ™ to ^ friction3 ' disturt » n ' 3 which causes a compensation error dun£ «K£ 

reversed from the direction dunng the track-following control and the acceleration becomes insufficient the randlL! 
pulse to compensate the insufficient acceleration is generated subsequently to the tt* l£k£ES£ 

^ttn h!T! « A o nd ? 11,8 *** jump - Th8 brake P" 153 * tne ^ck jump signal subsequent to the WckSseTs 
fs £ SSS!!". Tf CO u ntinuation time 13 so *at the track jump is finished at a portion near a pSon *2 
L I L^hJT I*"* « aCCUrate ' y ' 3 P 05 * 0 " near 8 P 05 *' 00 where th3 trackhg error signal TES b£om£ 
^Z^nTL I Il timm9 10 Shift the COrtro1 to the ,33d - in confro ' ^em (track-folFowing control svstemTtoS 
SShTSSS" ' aCOmpensaton P osstoi,i * due to the feedback control is raised. Thus, a stablelS 

(Learning control) 

S 001 ! 3 I 63 *""' 119 COntrd unit 0bt3ins 30 ""known function (drive command signal function) for one medium rota- 
P °^ 0na ' d r iati0n am ° Unt ^ 3 repefitive disturbance such 33 3 SSSS * ^e£e 
21 r^f'-ZT ^ 10 Z6ro by 8 ,earnin9 aJ9 ° rithm 33 an Wasted function whichls appro" 
.mately by us ng a set of he.ghts of rectangular functions for intervals obtained by dividing the time for one medium ret* 

of a hUh^ „ TI'" 19 dU8 10 3 ,0W le3min9 ^ 3 sensation signal of a steep frictfonal dLurbance 
M fe£lT B hh 2* r erSal * 1,13 ^S 3 movin 9 dir3 <*°n ^ be also includ^ in the leanSgTeauS 
°S e l ,,r f ,y - L!? 9 * e ,e3min9 contro1 si 9 n31 to the feedback control system as a feed-forward compTn 
SSTrSS' *^*^ p *!***nc. be removed from the feedback control system. By using ttorintfe 
S 9 ^t 9 ' W f n l* 6 ' 6 18 3 " mrt3t,0n due to the 3xistence of tne high-order resonance and the control band is low 
^b^e^ 

J°™ 8] . 32 8 ^ r ?'l 9 'I 0 '* 0 . 1 Unit ^ the inv3n «on is provided between the feedback control unit and the addition 
^SZo < t^ e T T T' mediu ^ r rot3fcn3j Pi— is S3 < to T L . an unknown drivng current function 5 
Smt J o ihr Ano Mlr L I L d f f ° ne medUm rat3ti ° nal Peri0d) Which is re P eated ^ 3 P eriod °» *™» from a start 
S^IS r T,^ Pen0d to an end time t = T L is obtained by a learning algorithm as an approxi- 
^®JF BT JL°* S t<T <-- r L denot3S the one medium rotational period) which is approximately 
SSTSr "£r a Set ^ ^ Ci * N rectan9u,ar functions ind3X3d fromi = 0to (N-1), obtained bTSividing the 
t.me T|_ for one medium rotatonal period into N intervals and stored. Although the approximated function is expressed 

T repeat 

it is expressed as "^repeat" in the specification. 

riLlJiS 3 mem0ry " 3 unit 30 approximated function calculating unit, 

and a feed-forward output unit The memory has a plurality of memory cells to store the height C, of each rectangular 
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function of the approximated function l A repeat(t). The sampling unit samples the control signal l F3 which is outputted 
from the feedback control unit The approximated function calculating unit obtains the height C s of each rectangular 
function of the approximated function l A repeat(t) stored in each memory cell of the memory by the following learning law 

5 C, = K team x IpQ 

where, 

i denotes the index number of the rectangular function which is decided by time t and 0 < i (N-1); 
io for example, i =« f loor(t/T) . 

T denotes a time width per rectangular function, where T = T L /N 

on the basis of the control signal ! FB sampled by a sampling unit and a predetermined learning gain K, oam and updates 
the height Cj. 

is [0020] A feed-forward output unit (FF output unit) reads out the height Cj. as a learning control signal, of each rec- 
tangular function of the approximated function l^epeatp) stored in the memory cells of the memory synchronously with 
the divisional period T (time width per rectangular function) of the medium rotation, adds it to the control signal I F b from 
the feedback control unit and supplies a driving signal I V cm to t" 6 driving unit. Further, the feed-forward output unit 
reads out the height Cj of each rectangular function of the approximated function I'Vepeattt) stored in the memory cells 

20 of the memory synchronously with the medium rotation, adds it to the control signal l FB from the feedback control unit, 
and supplies the driving signal I V cm to the driving unit 

[0021] The feed-forward output unit reads out the value of the approximated function l^epeatft) stored in each 
memory cell of the memory corresponding to the time that is advanced by a predetermined time Atlead and outputs it. 
The learning control unit repeats the learning while feed-forward outputting the learning result at this time point In this . 

25 case, there is a time delay such as a phase delay or the like in the feedback control system. Unless it is compensated, 
the control becomes unstable Therefore, with respect to the latest learning control result Repeat at that time point, the 
value corresponding to the time that is advanced from the present time by the predetermined time Atlead is read out 
and outputted, so that the learning can be performed in a state where the control system is stable. The learning control 
unit outputs the approximated function l A repeat(t) obtained by the learning algorithm after the learning synchronously 

30 with the medium rotation, thereby performing a feed-forward control. The learning control unit feed-forward controls in 
such a manner that an operation to obtain an approximated function by the learning algorithm is performed for a specific 
time at a timing just after the medium was inserted into the apparatus and, at the time of a track-following control after 
the learning, the obtained approximated function is outputted synchronously with the medium rotation and the repetitive 
disturbance is removed. In the storage apparatus, when the approximated function is obtained by learning at a specific 

35 position in the disk radial direction, for example, at a position near the center region on the disk, in the case where a 
pickup is sought and moved to another radial direction position and the track-following control is performed, there is 
such a situation that an error occurs so long as the obtained approximated function is used, so that the approximation 
is inadequate. For example, when circularity at the inner region of the track on the disk and that at the outer region on 
the disk are different, when a difference between the phases or amplitudes of the repetitive disturbance in association 

40 with the spindle rotation in the inner region and the outer region cannot be ignored, or when a pickup having a single 
stage structure is used, there is such a situation that magnitudes of friction in the inner region and the outer region differ. 
Therefore, at the learning control unit of the invention, the getting operation of the approximated function is performed 
at a plurality of positions in correspondence to the radial direction position of the disk In the feed-forward mode, the 
approximated function is selected in accordance with the track address where the pickup is in the on-track state at that 

45 time (for example, the approximated function obtained by the learning in the nearest track address is selected) and the 
feed-forward is performed, so that the high precise track-following control can be realized irrespective of the track 
address to be in the on-track state. In the case where the getting operation of the approximated function is performed 
at a plurality of positions as mentioned above, there is hardly difference among the basic waveforms of the approxi- 
mated functions and differences among the approximated functions are very small. Therefore, when there is approxi- 

so mated function data at another position, an initial value (initial value of the cell corresponding to the height of each 
rectangular function) of the approximated function data in the approximated function getting operation at the present 
position is not started from zero but is started by using the approximated function data at another position as an initial 
value, thereby enabling the learning time to be reduced. Further, the positioner of the storage apparatus has such a sin- 
gle stage structure that an objective lens is focus -controilably mounted on a carriage which is movable in the direction 

55 that transverses the tracks on the medium, and both a tracking control for allowing the light beam to trace the track and 
a seek control for allowing the light beam to be moved to an arbitrary track position are performed only by the movement 
of the carriage. 

[0022] The above and other objects, features, and advantages of the present invention will become more apparent 
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from the following detailed description with reference to the drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

[0023] 

Figs. 1 A to 1D are time charts for a positioner displacement a speed, an acceleration, and a driving current in a 
single stage positioner carriage; 

Figs. 2A and 2B are block diagrams of an optical disk drive to which the invention is applied; 

Fig. 3 is an explanatory diagram of an internal structure of the optical disk drive in Figs. 2A and 2B; 

Fig. 4 is a block diagram of a fundamental embodiment for performing a track jump according to the invention; 

Figs. 5A to 5D are time charts for a positioner displacement a positioner speed, a track jump acceleration, and a 

disturbance compensation in a track jump control for feed-forward outputting a learning result of a repetitivedistur- 

bance; 

Fig. 6 is an equivalent block diagram when a learning control is performed in Fig. 4; 
Fig. 7 is a functional block diagram of a learning control unit in Fig. 6; 

Fig. 8 is an explanatory diagram of a successive learning for a repetitive control input by the learning control unit in 
Fig. 6; 

Fig. 9 is an explanatory diagram of a memory in Fig. 7; 

Fig. 10 is a flowchart for a whole control process in the embodiment of Fig. 6; 

Fig. 1 1 is a flowchart for the learning control unit in Fig. 10; 

Fig. 12 is a flowchart for a feed-forward output process in Fig. 10; 

Figs. 1 3 A to 1 3D are waveform diagrams of a tracking error signal, a feedback control signal, a learning control sig- 
nal, and a driving signal for a period of time from the start to the end of the learning according to the embodiment 
of Fig. 7; 

Figs. 14A to 14C are waveform diagrams of the tracking error signal, feedback control signal, learning control sig- 
nal, and driving signal for a period of time from the start to the end of the learning in the case where an advance 
compensation is not performed in the embodiment of Fig. 6; 

Fig. 1 5 is a block diagram of a fundamental embodiment of a track jump control system in Fig. 4; 
Fig. 16 is a block diagram of a modified embodiment of a construction of a feedback control unit in Fig. 15;- 
Figs. 17A and 17B are block diagrams of an embodiment in which a filter of a PI compensating type is used as a 
low band emphasizing filter; 

Figs. 18A and 18B are block diagrams of another embodiment in which the filter of the PI compensating type is 
used as a low band emphasizing filter; 

Figs. 19A and 19B are frequency characteristics diagrams of a gain and a phase angle showing. a difference 
between Figs. 17A and 17B and Figs. 18A and 18B; 

Figs. 20A and 20B are block diagrams showing Figs. 1 7A and 1 7B by generalizing them; 
Figs. 21 A and 21 Bare block diagrams showing Figs. 18Aand 18B by generalizing them; 
Figs. 22A and 22B are block diagrams of an embodiment in which a transfer function of a phase-lag compensating 
type is used as a transfer function Gl(s) of the low band emphasizing filter with respect to Figs. 20A and 20B; 
Figs. 23A and 23B are block diagrams of the embodiment in which the transfer function of the phase-lag compen- 
sating type is used as a transfer function Gl(s) of the low band emphasizing filter with respect to Figs. 21 A and 21 B; 
Figs. 24A and 24B are block diagrams of an embodiment having functions to stop a calculation and restart the cal- 
culation of the low band emphasizing filter with respect to Figs. 20A and 20B; 

Figs. 25A and 25B are block diagrams of the embodiment having functions to stop the calculation and restart the 
calculation of the low band emphasizing filter with respect to Figs. 21 A and 21 B; 

Figs. 26A to 26D are explanatory diagrams of a track jump control without an FF error which was started at an 
eccentricity period t1 = 0 msec; 

Figs. 27A to 27D are explanatory diagrams of a track jump control without an FF error which was started at an 
eccentricity period t2 = 2 msec; 

Figs. 28 A to 28D are explanatory diagrams of a track jump control with an FF error which was started at an eccen- 
tricity period t3 =» 3.3 msec; 

Figs. 29A to 29D are explanatory diagrams of a track jump control with an FF error which was started at an eccen- 
tricity period t4 = 4 msec; 

Figs. 30A to 30D are explanatory diagrams of a track jump control without an FF error which was started at an 
eccentricity period t5 = 6.3 msec; 

Figs. 31 A to 31 D are explanatory diagrams of a track jump control with an FF error which was started at an eccen- 
tricity period t6 = 9 msec; 
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Figs. 32A to 320 are explanatory diagrams of a track jump control with an FF error which was started at an eccen- 
tricity period t7 = 9.8 msec; 

Figs. 33A to 33D are explanatory cfiagrams of a track jump control without an FF error which was started at an 
eccentricity period t8 = 11 msec; 
5 Figs. 34A and 34B are explanatory diagrams of a table in which analysis results in Figs. 26A to 330 are collected; 

Figs. 35A to 35C are explanatory diagrams of a track jump signal, a tracking error signal TES. and a track jump 
speed of the invention in the case where there \s no disturbance compensation error; 

Figs. 36A to 36D are explanatory diagrams of a track jump control in an ideal case where there is no deceleration 
disturbance; 

10 Figs. 37A to 37D are explanatory diagrams of a track jump control in the worst case where a deceleration distur- 
bance is applied to an interval from the beginning to the end; 

Figs. 38A to 38D are explanatory diagrams of a track jump control in a case where a deceleration disturbance is 
applied to an approximately latter half interval; 

Figs. 39A to 390 are explanatory diagrams of a track jump control in a case where a deceleration disturbance is 
15 applied to the approximately latter half interval; 

Figs. 40A to 40E are time charts for a tracking error signal, a track jump signal, an FF signal for compensation of a 
repetitive disturbance, an output of the low band emphasizing filter, and a carriage driving signal in the track jump 
control of the invention; 

Figs. 41 A to 41 C are explanatory diagrams of a conventional acceleration control by a kick pulse in which a prede- 
20 ter mined acceleration is continued until the detection of a zero-cross point; 

Fig. 42 is an explanatory diagram of a correspondence table of a speed error after the end of acceleration for a 
height of kick pulse in Figs. 41 A to 41 C; 

Figs. 43A to 43C are explanatory diagrams of an acceleration control in the case where the kick pulse is divided 
into a first kick pulse and a second kick pulse and a height of second kick pulse is set to zero; 
25 Figs. 44A to 44C are explanatory diagrams of an acceleration control in the case where the height of second kick 
pulse is set to a height that is lower than that of the first kick pulse and is adapted to compensate the inadequate 
acceleration in Figs. 43A to 43C; and 

Figs. 45A to 45C are explanatory diagrams of a principle of the low band emphasizing filter in Fig. 15. 
30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(Construction and functions of apparatus) 

[0024] Figs. 2A and 2B show a storage apparatus of the invention and relates to an optical disk drive as an exam- 

35 pie. The optical disk drive of the invention is constructed by a control unit 10 and an enclosure 11. The control unit 10 
has: an MPU 1 2 to perform a whole control of the optical disk drive; an upper interface 1 7 to transmit and receive com- 
mands and data to/from an upper apparatus; an optical disk controller (ODC) 14 to perform processes necessary to 
write and read data to/from an optical disk medium; a DSP 16; and a buffer memory 18. The buffer memory 18 is used 
in common by the MPU 1 2, optical disk controller 1 4, and upper interface 1 7. A formatter and an ECC unit are provided 

40 for the optical disk controller 1 4. At the time of a write access, the formatter divides NRZ write data on a sector unit basis 
of the medium and forms a recording format, and the ECC unit forms an ECC code on a sector write data unit basis and 
adds it and. if necessary, forms a CRC code and adds it Further, sector data which was ECC encoded is converted 
into, for example, a 1-7 RLL code. At the time of a read access, sector read data is 1-7 RLL inversely converted and 
subsequently CRC checked by the ECC unit and. thereafter, is subjected to error detection and correction. Further, the 

45 NRZ data of the sector unit is coupled by the formatter and transferred to the upper apparatus as a stream of NRZ read 
data. A write LSI 20 is provided for the optical disk controller 14. A write modulating unit and a laser diode control unit 
are provided for the write LSI 20. The laser diode unit 30 has a laser diode and a detector for monitoring. The write LSI 
20 converts write data into data of a data format in the PPM recording or PWM recording (also referred to as a mark 
recording or edge recording). As an optical disk to which the recording and reproduction are performed by using the 

so laser diode unit 30. namely, a rewritable MO cartridge medium, any of media of 128 MB. 230 MB, 540 MB, 640 MB, 1 .3 
GB, and the like can be used. Among them, with respect to the MO cartridge medium of 128 MB, the pit position record- 
ing (PPM recording) in which data is recorded in correspondence to the presence or absence of a mark on the medium 
is used. A recording format of the medium is a zone CAV and the number of zones of a user area is equal to 1 in case 
of the 128MB medium. As for the MO cartridge media of 230 MB. 540 MB. 640 MB. arid 1.3 GB corresponding to the 

ss high density recording, the pulse width recording (PWM recording) in which edges of a mark, namely, the front edge 
and the rear edge are made correspond to data is used. A difference between storage capacities of the 640MB medium 
and 540MB medium is based on a difference of sector capacities. When the sector capacity is equal to 2048 bytes, the 
storag capacity is equal to 640 MB. When the sector capacity is equal to 512 bytes, the storage capacity is equal to 
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540 MB. The recording format of the medium is the zone CAV and the number of zones of the user area is equal to 10 
in case of the 230MB medium, to 1 8 in case of the 540MB medium and 1 .3GB medium, and to 1 1 in case of the 640MB 
medium. In this manner, the optical disk drive of the invention can cope with the MO cartridges of the storage capacities 
such as 128 MB, 230 MB. 540 MB, 640 MB, and 1.3 GB, and further. 230 MB, 540 MB, 640 MB, and the like correspond- 
ing to the direct overwrite. Therefore, when the MO cartridge is loaded into the optical disk drive, an ID portion of the 
medium is first read out. the kind of medium is recognized by the MPU 12 from a pit interval, and the recognized kind 
as a recognition result is notified to the optical disk controller 14. As a reading system for the optical dsk controller 14. 
a read LSI 24 is provided. A read demodulating unit and a frequency synthesizer are built in the read LSI 24. A photo^ 
sensing signal of the return light of the beam from the laser diode by a detector 32 for ID/MO provided for the enclosure 
1 1 is inputted as an ID signal and an MO signal to the read LSI 24 through a head amplifier 34. Circuit functions of an 
AGC circuit, a filter, a sector mark detecting circuit, and the like are provided for the read LSI 24. The read LSI 24 forms 
a read clock and read data from the inputted ID signal and MO signal and demodulates PPM data or PWM data into the 
original NRZ data. Since the zone CAV is used, the MPU 12 performs a setting control of a frequency division ratio to 
generate a zone correspondence clock frequency to the frequency synthesizer built in the read LSI 24. The frequency 
synthesizer is a PLL circuit having a programmable frequency divider and generates a reference clock, as a read clock, 
having a predetermined inherent frequency according to a zone position on the medium. The read data demodulated 
by the read LSI 24 is sent to the reading system of the optical disk controller 1 4 and 1 -7 RLL inversely converted. After 
that, it is subjected to a CRC check and an ECC process by the decoding function of the ECC unit, so that the NRZ 
sector data is reconstructed. Subsequently, it is converted to a stream of the NRZ read data in which the NRZ sector 
data is coupled by the formatter and transferred to the upper apparatus by the upper interface 1 7 via the buffer memory 
18. A detection signal of a temperature sensor 36 provided on the enclosure 1 1 side is supplied to the MPU 12 via the 
DSP 16. The MPU 12 controls each of the light emitting powers for reading, writing, and erasing in the laser diode unit 
22 to the optimum value on the basis of the environmental temperature of the unit in the apparatus detected by the tem- 
perature sensor 36. 

[0025] The MPU 12 controls a spindle motor 40 provided on the enclosure 1 1 side by a driver 38 via the DSP 16. 
Since the recording format of the MO cartridge is the zone CAV, the spindle motor 40 is rotated at a predetermined 
speed of, for example. 3000 rpm. The MPU 12 controls a magnetic field applying unit 44 using an electromagnet pro- 
vided on the enclosure 1 1 side through a driver 42 via the DSP 16. The magnetic field applying unit 44 is arranged on 
the side opposite to the beam irradiating side of the MO cartridge loaded in the apparatus and supplies an external 
magnetic field to the medium at the time of the recording, erasure, or the like. The DSP 16 has a servo function to posi- 
tion the beam from the laser diode 30 for the medium and performs: a seek control (coarse control) for seeking the light 
spot to the target track so as to enter an on-track state; a track-following control (fine control) for allowing the light spot 
to trace the center of the target track; and further, a track jump control for moving the light spot to an adjacent track. The 
seek control and the track-following control can be executed simultaneously in parallel with the write access or read 
access for an upper command by the MPU 12. The track jump control is performed repetitively at every specified track 
position during the track-following control. To realize a servo function of the DSP 1 6. a detector 45 for FES for receiving 
the return light from the light spot on the medium is provided for the optical unit on the enclosure 12 side. An FES 
detecting circuit (focusing error signal detecting circuit) 46 forms a focusing error signal from a photosensing output of 
the detector 45 for FES and sends it to the DSP 16. A detector 47 for TES having a multidivision (6 division or 9 division) 
photosensing unit to receive the return light from the light spot on the medium is provided for the optical unit on the 
enclosure 1 1 side. A TES detecting circuit (tracking error signal detecting circuit) 48 forms a tracking error signal from 
a photosensing output of the detector 47 for TES and sends it to the DSP 16. A tracking error signal is also referred to 
as a tracking error signal. In the embodiment, the tracking error signal is formed by a push-pull method (also referred to 
as a far field method). The tracking error signal is inputted to a TZC detecting circuit (track zero-cross point detecting 
circuit) 50 and a track zero-cross pulse is formed and inputted to the DSP 16. Further, to control the position of a light 
spot on the medium, the DSP 16 controls a focusing actuator 52 and a VCM 54 through drivers 55 and 58. 
[0026] An outline of the enclosure 1 1 in the optical disk drive is as shown in Fig. 3. The spindle motor 40 is provided 
in a housing 60. By inserting an MO cartridge 64 from the side of an inlet door 62 to a hub of a rotary shaft of the spindle 
motor 40. the loading in which an internal MO medium 66 is loaded to a hub of the rotary shaft of the spindle motor 40 
is performed. The single stage positioner mechanism is constructed by a carriage 68. an objective lens 70. a fixed opti- 
cal system 72, and a mirror 74. The carnage 68 which can be freely moved by the VCM 54 in the direction which trans- 
verses the tracks on the medium is provided below the MO medium 66 of the loaded MO cartridge 64. The objective 
lens 70 is mounted on the carriage 68. allows the beam from a laser diode provided for the fixed optical system 72 to 
enter through the rising mirror 74, and forms an image of a light spot onto the medium surface of the MO medium 66. 
The objective lens 70 is moved in the optical axial direction by the focusing actuator 52 shown in the enclosure 1 1 in 
Fig. 2. The light spot can be moved in the radial direction which transverses the tracks on the medium by the linear driv- 
ing of the carriage 68 by the VCM 54. The carriage 68 is supported by a slide bearing to two guide rails which are fixedly 
arranged and simultaneously performs a seek control known as a coarse control for moving the light spot to an arbitrary 
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track position and a track-following control known as a fine control for allowing the laser beam to trace the track center 
at the sought track position. As a single stag positioner mechanism as mentioned above, a mechanism disclosed in, 
for example, JP-A-9-312026, JP-A-9-54960, or the (ike can be used. 

5 (Feedback control system of track jump control) 

[0027] Fig. 4 is a block diagram showing a fundamental concept of an embodiment of a feedback system having a 
track jump control unit 101 of the positioner in the storage apparatus of the invention. The fundamental feedback control 
system of a carnage 88 is constructed by a tracking error detecting unit 78, a feedback control unit 80, and a carriage 

10 driving unit 86. Hie tracking error detecting unit 78 optically detects a tracking error signal TES as a difference between 
the tracking position that is fluctuated due to the medium eccentricity and the position of the laser beam and outputs the 
TES signal. A repetitive eccentricity disturbance due to the eccentricity of the medium is applied to an input of the track* 
ing error detecting unit 78. The feedback control unit 80 receives the tracking error signal TES and drives the carriage 
88 by the carriage driving unit 86 so as to eliminate a deviation amount from the track center of the light spot. The feed- 

15 back control unit 80 outputs a feedback control signal Ipe by, for example, a PID arithmetic operation. The control signal 
l FB becomes a feedback current instruction value to the carriage driving unit 86 using the VCM 54 shown in Fig. 3. A 
selector 110 is provided between the feedback control unit 80 and carriage driving unit 86. The selector 110 has two 
input terminals 110-1 and 110-2. During the track-following control, the selector 110 is switched to the input terminal 
110-1 side as shown in the diagram and outputs the control signal I F b from the feedback control unit 80 to the carnage 

20 driving unit 86 through an addition point 84. At the time of the 1 -track jump, the selector is switched to the input terminal 
110-2 side and supplies a track jump signal (current instruction value) l TJ that is supplied at this time to the carriage 
driving unit 86 through the addition point 84 and allows the positioner to jump by one track by the driving of the carriage 
88. In addition to the fundamental feedback control system for such track-following control and track jump as mentioned 
above, in the invention, a selector 108, a learning control unit 82, and the adder 84 are provided between the feedback 

25 control unit 80 and carriage driving unit 86. Even during the track-following control or the track jump, the learning control 
unit 82 always adds a feed-forward signal (hereinafter, simply referred to as an "FF signal") for repetitive disturbance 
compensation which includes the rotation eccentricity of the medium and is obtained by the learning control to the addi- 
tion point 84 and drives the carriage 88. The learning capture of the FF signal for repetitive disturbance compensation 
in the learning control unit 82 is performed at the state of the initializing process at which, for example, a cartridge 

30 medium is loaded into the apparatus. At the time of the learning process, the selector 108 is switched to the input ter- 
minal 108-1 side and receives the control signal I FB fr° m the feedback control unit 80. The learning capture is per- 
formed by a learning algorithm, which will be explained hereinlater. The FF signal for repetitive disturbance 
compensation is learned and captured by the continuous tracking (continuous tracking without a kick back or a track 
jump) of the spiral tracks within a range between the track formed at a position of several tracks from the first track and 

35 the track formed at a position of tens of tracks therefrom in the disk rotation. After completion of the learning, the selec- 
tor 108 is switched again to the input terminal 108-2 side. After that there is also a case where the learning operation 
by the continuous tracking is performed as necessary and the FF signal is updated. However, fundamentally, during 
either the subsequent track jump or the track-following control, the selector 108 is switched to the input terminal 108-2 
side. The learning control unit 82 generates the FF signal (which has already learned and captured) synchronously with 

40 the medium rotation irrespective of the interval during the track-following control or the track jump. 

[0028] Further, in the track jump control unit 101 of the invention, a low pass filter 1 12, a sample holder 1 14 having 
a sample switch 116 and a holder 1 1 8, and a selector 1 20 are provided between the feedback control unit 80 and adder 
84. The system comprising the low pass filter 112, sample holder 114, and selector 1 20 samples and holds a value just 
before the track jump of a low band component of the feedback control signal during the track-following control, adds 

45 the sampled and held value to the track jump signal l TJ and the signal l A repeat from the learning control unit 82 by the 
adder 84. and drives the carriage 88 during the track jump. Therefore, the sample holder 1 14 holds the value just before 
the track jump of the low band component during the feedback control during the track-following control obtained 
through the low pass filter 112 into the holder 1 18 and adds it to the adder 84 through the selector 120 which has 
already been switched to an input terminal 120-2 side during the track jump. The low band component in the feedback 

so control signal just before the track jump which is held in the holder 1 1 8 denotes the final value of the low band compo- 
nent of the control signal for track-following control just before the track jump. The above description relates to the fun- 
damental concept. In the actual apparatus, the low pass filter 1 12 is not applied to the output of the feedback control 
unit 80 in order to obtain the low band component of the control signal but an output of a low band emphasizing filter 
which is calculated in the feedback control unit 80 or the like is used. 

55 [0029] Figs. 5A to 5D are time charts for the control process by the FF signal for repetitive disturbance compensa- 
tion during the track jump by the learning control unit 82 provided for the track jump control unit 101 in Fig. 4. Fig. 5A 
shows a positioner displacement Fig. SB shows a positioner speed. Fig. 5C shows a track jump signal (acceleration FF 
signal for allowing the positioner to jump). Further. Fig. 5D is an explanatory diagram in the case where the repetitive 
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disturbance compensation during the track jump is performed by the learning control unit 82 and the case where the 
low band component just before the track jump is FF outputted. Figs. 5A to 5D show the case where a track pitch TP of 
the medium is set to TP = 1.6 urn. The track jump signal l TJ is assumed to be a bang bang of a simple accelera- 
tion/deceleration target as shown in Fig. 5C. A track jump acceleration is set to ±40 m/sec 2 . Further, conditions of the 
eccentricity, friction, and the like are set such that an eccentricity amplitude RRO is equal to 70 jimp - p and a coefficient 
of friction is equal to n = 0.4. In the positioner displacement of Fig. 5A. an orbit at the time of the track-following control 
and an orbit at the time of the track jump control are shown. That is, track following orbits 222 and 224 shown by two 
parallel lines. For example, the track following orbit 222 denotes a jump source track following orbit before track jump 
and the track following orbit 224 indicates the jump destination track following orbit after the track jump An orbit 226 
connecting them indicates a track jump orbit Fig. 5B shows a speed orbit of the positioner carriage in the track jump 
having the track jump orbit 226 as shown in Fig. 5A. At the time of the track jump, a track jump speed orbit 230 is 
obtained for a track eccentricity following speed orbit 228 in the track-following control. As shown in the track jump con- 
trol unit 101 in Fig. 4, in the case where the high precision FF signal for repetitive disturbance compensation obtained 
as a capture result by the learning of the learning control unit 82 is added to the addition point 84 during the track jump 
an FF signal 234 connecting points S and E1 in Fig. 5D is added and the repetitive disturbance can be FF compensated 
at high precision. Therefore, the accurate track jump can be performed as shown in the track jump orbit 226 in Fig 5A 
and the track jump speed orbit 230 in Fig. 5B. On the other hand, in the case where the low band component of the 
feedback control signal just before the track jump is added as an FF signal to the addition point 84 during the track jump 
a constant value 236 is fed-forward during the track jump as shown by a broken line in Fig. 5D. A compensation error 
occurs during the track jump and becomes a compensation error as much as an interval between points E1 and E2 
when the track jump is finished. The compensation error increases as the eccentricity amount of the medium is larger 
It increases as the track jump time is longer. Particularly, in the single stage positioner as a target of the invention, since 
the track jump is performed by activating the whole carriage, the track jump time certainly becomes longer than that of 
the conventional double stage positioner in which only the lens is moved, so that the compensation error increases 
When such a compensation error occurs, the track jump orbit in Fig. 5A also has an error and rt is necessary to correct 
the compensation errors in the track lead-in and track-following control after that. Therefore, there is a possibility that 
the lead-in time becomes long or the track lead-in operation fails. On the other hand, in the invention, as shown in Fig. 
5D. even in the track lead-in operation and track-following control during the track jump and after the track jump, the 
compensation error has been sufficiently reduced by the high precision FF signal for repetitive disturbance compensa- 
tion which is outputted as a learning result from the learning control unit 82 and the compensation precision has risen. 
Therefore, the track lead-in control after the track jump is more stabilized and a success ratio of the track jump is also 
improved. 

(FF output for repetitive disturbance compensation by learning control during track jump) 

[0030] Fig. 6 is an equivalent block diagram of the feedback control system in case of performing the learning con- 
trol by the track jump control unit101 in Fig. 4. Fig. 6 is the equivalent block diagram for explaining the method of learn- 
ing and capturing the FF signal for repetitive disturbance compensation in the feedback system having the track jump 
control unit 1 01 of the invention in Fig. 4. That is, as mentioned above, at the time of the learning capture of the FF sig- 
nal for repetitive disturbance compensation, since it is performed in the continuous track following state in a range from 
a few disk rotating times to tens of disk rotating times without the track jump, the block regarding the track jump is 
deleted from Fig. 4. Specifically speaking, during the learning capture, the selector 1 1 0 in Fig. 4 is set to the input ter- 
minal 110-1 side, the selector 108 is set to the input terminal 108-1 side, and the selector 120 is set to the input terminal 
1 20-1 side. Therefore, by reflecting them, unnecessary signal lines, blocks, and the like are deleted. In Fig. 6. at the time 
of the learning control, the feedback control system of the positioner is constructed by: the tracking error detecting unit 
78; feedback control unit 80; learning control unit 82; adder 84; carriage driving unit 86; and positioner carriage 88. The 
learning control unit 82 receives the control signal l FB as a feedback current instruction value outputted from the feed- 
back control unit 80 and captures a learning control signal l A repeat as an approximated function of an unknown driving 
current function Irepeat to suppress tracking errors such as repetitive frictional disturbance, eccentricity disturbance, 
and the like in association with the eccentricity rotation of the medium by a learning law. When the learning is finished, 
the learning control signal l A repeat obtained as a learning result is outputted synchronously with the medium rotation. 
The learning control signal l A repeat is added as a feed-forward control signal to the control signal Ifq from the feedback 
control unit 80 by the adder 84, thereby obtaining a driving signal I V cm- The driving signal I V cm drives the carriage 88 
via the carriage driving unit 86. A large frictional disturbance is periodically appjied to the carriage 88 as a force distur- 
bance 90 at a point of the moving velocity of 0 and a point when the direction almost steeply changes in response to 
the inversion of the moving velocity due to the reciprocating motion of the carriage 88 in association with the eccentricity 
rotation of the medium. 

[0031 ] Fig. 7 is a functional block diagram of the learning control unit 82 in Fig. 6. The learning control unit 82 com- 
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prises: a control unit 92; a sample processing unit 94; an approximated function calculating unit 96. a ring buffer mem- 
ory 98; and a feed-forward output unit (hereinafter, referred to as an "FF output unit") 100. A clock signal E1 and an 
index signal E2 which is obtained synchronously with ne rotation of the medium are inputted to the control unit 92. The 
control unit 92 sets 

5 

I. learning mode 

II. learning result output mode 

as operating modes of the learning control unit 82. Trie learning mode is executed at the time of a loading process after 
io the medium is inserted and the learning control signal l A repeat as a repetitive approximated function is learned in 
accordance with a learning law. In the learning result output mode, the learning law does not operate but the learning 
control signal l A repeat obtained as a learning result is outputted synchronously with the medium rotation and is added 
to the feedback control system as a feed-forward output Therefore, in the learning mode, the control unit 92 makes the 
sample processing unit 94, approximated function calculating unit 96. ring buffer memory 98. and FF output unit 100 
15 operative. In the learning result output mode after completion of the learning, the control unit 92 makes the ring buffer 
memory 98 and FF output unit 100 operative. 

[0032] A learning algorithm which is executed by the approximated function calculating unit 96 provided for the 
learning control unit 82 in Fig. 7 will now be described. In the feedback control system in Fig. 6 t it can be regarded that 
most of the driving current Ivcm t0 drive the carriage 88 synchronously with the medium rotation is a repetition signal of 
20 the period synchronized with the medium rotation and can be captured as a current pattern as shown in, for example, 
Fig. 8. A case where the current pattern which is periodically repeated in Fig. 8 is captured as an unknown driving cur- 
rent function lrepeat(t) and approximately expressed by the height of each rectangular function obtained by dividing the 
period T L for one medium rotation into N intervals will now be considered. A time width Tfor each of the N rectangular 
functions is 

25 

T = T L /N (3) 

[0033] Now, assuming that the height of each rectangular function obtained by dividing the current pattern in Fig. 8 

into N intervals is labeled to Q (where, i = 0. 1 N-1). the approximated function l A repeat is obtained by the following 

30 equation. 

l A repeat(t) = Ci (*) 

where, 

35 

i = f loor(t/T) 
T as T L /N 
0£t<T L 

40 [0034] The f loor( ) function of the equation (4) shows the maximum integer value which is smaller than or equal to 
the argument in ( ). For example, when the argument in ( ) is equal to (0 - 0.9). floor(0 - 0.9) = 0. When the argument 
in ( ) is equal to (1 .0 ~ 1 .9), f loor(1 .0 - 1 .9) m 1 . The time t is reset by the index signal which is obtained at a predeter- 
mined time point in every medium rotation, so that it has a value of 0 <s 1 < T L . As for the height C t of each rectangular 
function of the approximated function Repeat of the equation (4), the learning is progressed in accordance with the fbl- 

45 lowing equation by integrating the control signal l FB as a feedback current command value in the time width correspond- 
ing to the rectangular function. 

C, = K loam • I re (t) (5) 

so where, 

i = f!oor(t/T) 

[0035] Ktean, in the equation (5) denotes a learning gain and is a positive constant As shown in the equation (5). 
55 the value of (i) is determined in accordance with the value of t namely, the rectangular function Q as a learning target 
is selected, and an integration arithmetic operation using the value l FB (t) of the control signal at that time as an input is 
executed. According to the learning law according to the equation (5), the height of each rectangular function is sequen- 
tially integrated until the value of l re as an input of the learning law is equal to almost zero. Therefore, after the settle- 
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merit of the learning, the approximated function l*repeat(t) which is expressed by the heiahts of C to r «t 
[~Ata^ 



! A repeat(t) = Ci 

where, 

i = floor(T/N) 
10 T = T L /N 
0 *S t < T L 



75 



20 



25 



30 



acccnfing to the equation (5) becomes a feed-lbiwaid output in the leernit* reeun output mode and is direetl. m»«t«H 

comn^^nJ ,T repettive disturbance having periodicity were extinguished According to such a 

S^ 9 ™^ * *• re P.ett.ve disturbance by the learning in the invention, even if it takesa^ighly ong «me 
tor settlement to obtain the learning result, that is even if the leaminn nam \c w • ■ . 9 e 

frequency band, strictly speaWng. a^ompen^ S"a» oTa S 0, h a h ! 9h 

Sf?Thp -!, 9 h !lr 3 m6m °7 u COnStruC,ior1 01 * e rin 9 buff er memory 98 provided for the learning control unit 82 in 
ol tfiloenod 7 fo^ZT "J? N ^T 10 ? C6l,S 106 "° to ™^ in despondence to the Lston number N 
^J L r m r0tat,on - 7,16 va,ue «" 108 nei9ht °i of each rectangular function calculated bv the^ua 

Lrflr ™£ ^ I S ^° wnm despondence to the positions of the memory cells 106-0 to 106-(N-1) in the nno 
^™^Z£al 'tl IT SI* fe * me index si9nal 0btained every medium rotation. T^nTf is 
Z*TZ°J?l * ? * e bm8 01 the rotat,on ^ P° sition w "en the index signal is obtained to t = 0 and bv settina this 
ETSSr ^ PO " rt !?* m6diUm r0teti0a 7,16 time T 01 eacSrectangular fonSon £™ K 8 ?s s« 

1 ?' • J!l m ®™° r cel , as a . tar9et 10 ^e nng buffer memory 98 to which the learning calculation result of the eaua- 
ton (5) ,s applied at sampling time t is determined by the calculation of the address (i) If the foilo^ng ^uation 

3s i = floor(VT) (6) 

£038] T denotes the time width of each rectangular function in Fig. 8 and T = T, /N For examolB assumi™ that 

T = T L /N = 104.2 usee 

Therefore, now assuming that a sampling frequency of the control signal l FB from the feedback control unit 80 to the 

5SS^fS?ty Bl t0 £™' "T - * Samp ' ing Peri0d W-18.18 ,sec. the 

i 6 tme WdthTof each rectangular function. That is. as for each rectangular function the learn- 

ImSfir 1 : l*? eqUali0n (5) fe Pe,formed five times per 

Ration 9l3W 

memji] = mem[i] + K laam • Tsa(Ilpte • I pg(t) (7) 

where. 

i = f loor(t/T) 

[0039] As will b obviously understood from th equation (7). the arithmetic operation results which are stored in 

ratnT^TaS 106 " 0 2 10(HN - 1> R9 - 9 arS ^ °" ^ inte9rafon *™™* c operafon in7h^eTSng 
gam K| earn is used as an integration gain and the control signal Ipg is used as an input That is, it is a process for reading 



40 



45 



50 



14 



v i 



EP 1043 715 A2 

out the learning result memp] previously stored in the memory cells, in the corresponding address (i). adding 

{ K leam xT sainple x, FB( t )} 

5 calculated at every sampling timing to the read-out learning result memp]. and after that, storing an addition result The 
arithmetic operation of the equation (7) will now be described hereinbelow with respect to the height Q of each rectan- 
gular function. That is, an initial value (ordinarily, zero) has been set into memp] before learning. The height C t of the 
rectangular function is selected for a specific time interval in each disk rotation after the start of the learning, namely, 
for a period of time during which the condition of i = floor(t/T) is satisfied. The integration arithmetic operation of the 

io equation (7) for memp] as a target is performed by using l FB (t) at that time as an input For the other period of time, 
another rectangular function is selected and similar processes are executed. For a period of time when another rectan- 
gular function is selected, the value of memp] is not updated. After the disk rotates once and the rectangular function 
Cj is again selected, the integration arithmetic operation of the equation (J) is further performed by using the integration 
result up to the previous rotation in which memp] has already been stored as an initial value. In the learning mode. 

75 simultaneously with the integrating process in the memory cell" corresponding to the ring buffer memory 98 of the cal- 
culation result of the approximated function calculating unit 96 according to the equation (7), the FF output unit 100 like- 
wise performs such a feed-forward control that the calculation result in the ring buffer memory 98 is read out and it is 
added by the adder 84 in Rg. 6 and a resultant addition value is added to the feedback control system. In the learning 
mode, with respect to the elapsed time of one rotational period T L from the time t = 0 when the index signal E2 is 

20 obtained to a point when the index signal E2 is subsequently obtained, in a range from T = Oto T = T L , the approxi- 
mated function calculating unit 96 in Rg. 7 calculates the cell address (i) by the equation (6) and performs the storage 
of the calculation result C t into the ring buffer memory 98 by the approximated function calculating unit 96 by the output 
of an address control signal and the reading and output of the learning result at that time to the FF output unit 1 00. After 
the learning process according to the learning mode in the loading process of the medium is completed, the learning 

25 control unit 82 in Rg. 7 shifts the operating mode to the learning result output mode. In the learning result output mode, 
the control unit 92 makes the ring buffer memory 98 and FF output unit 100 operative and performs the feed-forward 
control in which the learning control signal l A repeat as a final leaning result is read out for example, at the same reading 
period as the sampling period Tsa^ in the learning mode synchronously with the index signal E2 that is obtained 
every medium rotation, the read-out signal l A repeat is outputted to the adder 84 in Rgs. 5A to 5D from the FF output 

30 unit 100 and added to the control signal l FB obtained by the feedback control unit 80 at that time, the driving current 
Ivcm 'S supplied to the carriage driving unit 86. and the positioner carriage 88 is driven so that the repetitive frictional 
disturbance is suppressed in association with the medium eccentricity. To guarantee the stability of the learning process 
in the learning mode, in the case where the learning result at the time when the arithmetic operation result has been 
stored in the ring buffer memory 98 is outputted to the feedback control system by the FF output unit 100. it is necessary 

35 to feed-forward output the learning result at the advanced time (lead time) in consideration of the time delay such as a 
phase delay or the like of the control target Owing to the feed-forward output of the learning result at the lead time, there 
is no need to use a so-called phase-lead filter or the like. In the learning control unit 82. as shown in Rg. 6, since the 
current pattern serving as a feed-forward output is managed in correspondence to the time t it is sufficient to select the 
memory cell in correspondence to the lead time in consideration of the phase delay of the control target and output the 

40 learning result at that time. That is. now assuming that the elapsed time from the start point for one medium rotational 
period when the index signal is obtained is equal to t, although the memory cell to store the learning result is selected 
by the equation (6), the selection of the memory cell for the feed-forward output by the FF output unit 100 is calculated 
by the following equations when it is assumed that the lead time is labelled as Atlead. 

/ i - floor{(t + Atlead )/T}, 
) if O s t < (T t - Atlead) 

J i = floor{(t + Atlead - T L )/T>, 

^ if (T t - Atlead) £ t < T L ... (8) 

55 

[0040] As shown in the first equation of the equations (8), fundamentally, the memory cell number (i) is determined 
on the basis of the time obtained by adding the lead time Atlead to the time t1 . However, when t exceeds (T L - Atlead), 
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HUH? W £ en <Tl l Atlead) * t < Tl 1 the memory ce " number © is ca,culated in accordance with the calculation as 
SSTJ h2* • Me0 7 6 ?f 0n ° f - the equations < 8 >- 7031 is - 106 readin 9 position is returned to the head in the ring buffer 
M £££ ' I*? °l fr T a " 0Stant Whe " 1 eXC6edS fL - Atlearn). By p rforming the advance compensation forVe 
£ ^222?^ T" 9 ^ 8 ! mentioned ■ b0 "* SUCh 3 *■* a res P°^ waveform in the case 

btobtam^ COmpenSat,0n 18 not P erformed becomes oscillatory is prevented and the stable learning resufUan 

JJSItn. 1°=? a J l0 ^ rt for a fining control in the storage apparatus of the invention having the learning 

control unit 82 in Fig. 6. Fust, in step S1. when the medium is loaded into the apparatus, a medium loadino orocess 
according to a predetermined medium loading sequence is executed in step S2. SSm medium h££ SS 
ess m the learning mode in step S3 by the learning control unit 82 newly provided in the invention is execut «Tt£ > e?d 
of the learning process in the learning mode is discriminated by 

I. the number of learning times, 

II. learning time, 

III. evaluation of the tracking error signal TES. or the like 

SLIEST' U °TZ 2 d f criminatina 106 end <* 106 'earning by the time setting, the number of times of rotation of the 

S!?™f ■ * T 6 ea T" 19 ' S confirmed ,n *«* S*- step SS follows and the processing routine advances to 
Sis fe2 wSiT^^ 0 ^ *° ,eamin9 rSSU,t OUtput mode " *• 'earning result obtained inip 

t™. l l^T ! S 3 fK6d Va ' Ue t0 feedbaCk COntrQl System " ln seek ^n^ 01 ^ track-following con 
m« 52 * erefbre ' ,ne eccentricity disturbance synchronized with the medium rotation, particularly, the peak- 

VP^l dlstu *ance occurnng at a timing of the zero moving velocity in association with the reciprocating move- 
ment of the carnage corresponding to the medium eccentricity is effectively suppressed by a feed-forward output based 
on the learning resuftA stable control environment without a repetitive disturbance is obtained in view of the feedback 
control system. Therefore, in tine processes after the learning result output mode in step SS. if there is the seek control 
in step &6 step S7 follows. The seeking process tor positioning the carriage toward the target track by controllino the 
velocity ^ what is called a coarse control is performed. When the light spot is moved to the target track so as to enter an 
on-track state by the seek control in step S8, the track-following control for allowing the laser beam to trace the target 
track center ,s performed in step S9. During the track-fol lowing control, a track jump control to return the light spot to 
tt» position that is one track before the present track is performed at the specified position of one rotation of the track. 
The seek control or on-track control in steps S6 to S9 corresponding to the process in the learning result output mode 
in step S5 is repeated until the medium ejection is discriminated in step S10. When the medium is ejected, the process- 
ing routine .s returned to step S1 . When the next medium is loaded, the learning process in the learning mode in step 
mnlo? P erformed - Wnen there is an end instruction in step S1 1 . the series of processes is finished 
[0042] As for the process in the learning mode in step S4 by the learning control unit 82. at the time of the getting 
operation of the approximated function, the approximated function getting operation is performed at each of a plurality 
of positions in the d.sk radial direction. In this instance, in the approximated function getting operation at a plurality of 
positions, if the approximated function which has already been obtained at another position exists, the learning control 
unrt 82 applies the learning algorithm by using the already existing approximated function data as an initial value. In the 
process in the learning result output mode in step S5 at the time of the feed-forward after the learning, the learning con- 
trol unit 82 selects the approximated function to be used in accordance with the radial direction position atthattime and 
performs the feed-forward operation. For example, an example in which there are 1 5000 tracks in a range from the inner 
region to the outer region on the disk will be considered. First, the approximated function getting operation is performed 
at a location near the 7500th track corresponding to the position near the center region. Subsequently, to obtain the 
approximated function at a point near the inner region, the light spot is sought and moved to a position near the 2500th 
track. The approximated function getting operation is performed at a position near the 2500th track by using another set 
of memory cells which is separately prepared to obtain the approximated function for the inner region. Subsequently to 

^ ^TrLT^"^ 6 fUnCti0n at 3 P0int near outer reaion - tne "Snt 8001 fe sou gnt and moved to a position near 
the 12500th track. The approximated function getting operation is performed at a position near the 12500th track by 
using another set of memory cells which is separately prepared to obtain the approximated function for the outer region 

* ^I?J^ e ' eamin9 fe finiShed Wnen *" disk rotates 100 tmes - for instance, the learning which is performed at 
the 7500th track is executed at a location between the 7500th track and the 7600th track. At the learning at the inner 
region which is executed after that, its approximated function is considered to be almost equal to the function obtained 
at the center region. Therefore, the initial value of the approximated function (initial value of each value in the memory 
cells) is not started from zero but the learning result at the center region is copied into the set of memory cells for the 
inner region and the learning is started by using it as an initial value. Thus, the learning time can be reduced. For exam- 
ple, the learning can be finished when th disk rotates 50 times. At the learning at the outer region, the learning time 



16 



EP 1 043 715 A2 



can be similarly reduced. The above operations are performed, lor example, at the time of the medium loading. Three 
approximated functions for the inner region, center region, and outer region are prepared. In the subsequent operating 
state, when the light spot is moved to a track in a range from the first to the 5000th tracks and the reading/writing oper- 
ation is performed, the approximated function obtained at a position near the 2500th track is fed-forward. When the light 

s spot is moved to a track in a range from the 5001 st to th 1 0000th trad© and the reading/writing operation is performed, 
the approximated function obtained at a position near the 7500th track is fed-forward. Further, when the light spot is 
moved to a track in a range from the 10001st to the 15000th tracks and the reading/writing operation is performed, the 
approximated function obtained at a position near the 12500th track is fed-forward. Consequently, for example, as com- 
pared with the case where the approximated function obtained at one position near the center region is used for the 

io whole region from the inner region to the outer region, if the circularity of the track in the inner region on the cfisk differs 
from that in the outer region, if the difference between the phases or amplitudes of the repetitive disturbances in asso- 
ciation with the spindle rotation in the inner region and the outer region cannot be ignored, or even if the magnitudes of 
the friction in the inner region and the outer region differ in case of using the pickup having the single stage structure, 
the track-following operation of a higher precision can be performed. 

is [0043] Fig. 1 1 is a flowchart for the learning process in the learning mode by the learning control unit 82 in Fig. 7. 
In the learning process, the presence or absence of the index which is obtained every rotation of the medium is first 
checked in step S1 . When the index is obtained, step S2 follows and the present time t is reset to t = 0. Whether the 
time t is the sampling timing or not is discriminated in step S3. If YES, the current instruction value l re as a control signal 
is sampled in step S4. The address (i) of the memory ceil is calculated from the time t at that point in step S5 on the 

20 basis of the equation (4). The storage value memp] of the cell address (i) is read out in step S6. In step S7. a new stor- 
age value memp] is subsequently calculated in accordance with the equation (5). The newly calculated storage value 
is stored into the memory cell and updated in step S8. In step S9, the previous storage value in the cell address calcu- 
lated by the equation (6). namely, the cell address that precedes by the lead time Atlead is read out and feed-forward 
outputted to the feedback control system. The processes in steps S1 to S9 as mentioned above are repeated in step 

25 S10 until a learning end condition is satisfied, for example, the present time reaches a preset learning time. 

[0044] Fig. 12 is a flowchart for a feed-forward outputting process in the learning result output mode of the learning 
control unit 82 in Fig. 7. In the feed-forward outputting process, the presence or absence of the index which is obtained 
every medium rotation is discriminated in step S1 . When the index is obtained, the present time t is reset to t ■ 0 in step 
S2. Whether the present time is an output timing or not is discriminated in step S3. It is assumed that the output timing 

30 is, for example, a timing that is determined by the same output period as the sampling period T^p^ in the learning 
mode in Fig. 1 1. When the output timing is discriminated in step S3, the address (i) in the memory cell based on the 
time obtained by adding the lead time Atlead to the present time t by the equation (6) is calculated in step S4. In step 
S5. the storage value in the cell address is read out and feed-forward outputted to the feedback control system. If there 
is a medium ejection in step S6 or if there is an end instruction of the apparatus in step S7, the feed-forward output is 

35 finished. 

[0045] Figs. 1 3A to 1 3D are waveform explanatory diagrams of the tracking error signal TES. feedback control sig- 
nal I F b. learning control signal l A repeat. and carriage driving signal I V cm for a period of time from the start of the learning 
to the end thereof by the learning control unit 82 in Fig. 6. An axis of abscissa indicates the time by seconds. Fig. 13A 
shows the tracking error signal TES. Fig. 1 3B shows the feedback control signal I re . Fig. 1 3C shows the learning control 

40 signal l A repeat Further, Fig. 13D shows the carriage driving signal I V cm- In Figs. 13A to 13D. the learning process is 
started from time to. Just after the start of the learning at time to. the tracking error signal TES in Fig. 1 3A shows a large 
positional deviation due to the peak-like frictional disturbance and the eccentricity occurring at the zero moving velocity 
of the carriage in association with the medium eccentricity. The tracking error signal TES gradually attenuates in asso- 
ciation with the progress of the learning and the frictional disturbance and the positional deviation are finally sup- 

45 pressed. In the first one rotation just after the learning start time to, as a memory cell from which the learning result is 
read out, the learning control signal l A repeat is the initial value of zero before the learning because it is read out from 
the cell that is earlier by the predetermined time Atlead than the memory cell in which the learning result is stored. The 
learning process from time to is such a process that the disturbance component included in the feedback control signal 
l FB in Fig. 13B is transferred step by step to the learning control signal l A repeat which is outputted as a learning result 

so as shown in Fig. 1 3C. When the present time reaches time within a range from 0.2 to 0.25 sec on the learning end side, 
most of the disturbance component included in the feedback control signal l FB in Fig. 13B at the time of the start of the 
learning is transferred to the learning control signal Repeat serving as a feed-forward output in Fig. 13C. so that the 
disturbance seen in the tracking error signal TES in Fig. 13A is almost perfectly suppressed. 

[0046] Figs. 14A to 14C show waveforms in the respective portions in the learning process in the case where the 
55 compensation by the lead time Atlead to compensate the delay time of the feedback control system is not performed in 
the FF output unit 100 in the learning control unit 82 in Fig. 7. If the process to advance the reading timing by the lead 
time Atlead to compensate the delay time of the feedback control system is not performed at the time of the feed-for- 
ward output, the response waveform is influenced by the delay time of the feedback control system and becomes oscil- 
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latory. Thus, it will be obviously understood that an oscillatory component due to the delay is also transferred as a 
learning result into the learning control signal l A repeat that is outputted as a learning result at the end of the learning 
and an enough suppressing effect of the disturbance component cannot be expected. On the other hand a good learn- 
ing result as shown in Figs. 13A to 13D is obtained by the output of the learning result by the setting of the lead time 
corresponding to the delay time of the feedback control system by the FF output unit 100 in Fig. 7. Since the learnina 

C °^°l^ 82 l l FlQ ' 6 h3nd,eS the feedback current tee,f - as a ,earnin 9 to the carnage driving unit 86 which is 
outputted from the feedback control unit 80, a waveform of small noises can be learned. Since the learning result shows 
the feedback current itself, there is such an advantage that it is outputted directly as feed-forward current to the feed- 
back control system and the repetitive disturbance can be compensated at high precision at the time of the seek control 
track-following control, track jump control, or the like. 

(FB control output and FF output of low band component during track jump) 

[0047] The FF signal for repetitive disturbance compensation from the learning control unit 82 during the track jump 
m Fig. 4 relates to the control that is effective only to the compensation of the repetitive disturbance such as a rotation 
eccentricity or the like of the medium, and no compensating effect is obtained with respect to the non-repetitive distur- 
bance like a disturbance from the outside of the apparatus in which it occurs irrespective of the medium rotation In the 
invention, for the non-repetitive disturbance, the further stable track jump control system is constructed by feed-forward- 
ing the low frequency component in the output of the feedback control system during the track jump. By feed-forwarding 
the low frequency component in the output of the feedback control system during the track jump as mentioned above 
the stable track jump can be performed even when there is an oscillatory disturbance from the unit out of the apparatus' 
In the optical disk apparatus, generally, in order to prevent that the high frequency disturbance component from the out- 
side of the apparatus is transferred to the positioner mechanism system, a rubber vibration isolator or the like is inserted 
between the external frame of the apparatus and the positioner mechanism system and a mechanical low pass filter is 
constructed. Therefore, by feed-forwarding the low band compensation component in the output of the feedback control 
system dunng the track jump, even if the system is subjected to the disturbance from the outside of the apparatus in 
many cases, the track jump can be stabilized by compensating the disturbance. In the case where only the low fre- 
quency component just before the track jump of the output of the conventional feedback control system is used during 
the track jump, when the track jump in which the light spot passes through a step change point of the frictional distur- 
bance due to the eccentricity speed is performed, a difference corresponding to the frictional change has to exist 
between the low band compensation signal at the start of the track jump and that at the end thereof. However, in case 
of feed-forwarding only the low band component in the output of the conventional feedback control system just before 
the track jump, in the lead-in and track-following control after the end of the track jump, it is necessary to. converge the 
low band compensation component of the feedback control system to a new value. Thus, the lead-in converging time 
in the track lead-in operation is extended or the lead-in fails in the worst case. On the other hand, as shown in the inven- 
tion of Fig. 4, in such a control that the FF signal for repetitive 'disturbance compensation from the learning control unit 
82 obtained by the learning control at the time of the track-following control is fed-forward during the track jump besides 
the feed-forward operation of the value just before the track of the low band compensation component of the feedback 
control system, since the repetitive disturbance compensation signal follows the change in frictional component at the 
end of the track lead-in operation (accurately, although it does not always follow such a change during the track jump 
it has a correct value at least at the end of the track jump), the low band compensation component of the output of the 
feedback control system hardly needs to be changed at the end of the track jump from the value held just before the 
track jump. Therefore, even in the case where the track jump over the step change of the eccentricity caused by the fric- 
tional disturbance is performed, the low band compensating precision after the end of the track jump according to the 
invention is sufficiently high and a correction width by the feedback compensation arithmetic operation is also equal to 
approximately zero, so that the lead-in operation can be stably and rapidly performed. 

[0048] Fig. 15 is a block diagram of an embodiment which more specifically embodies the track jump control unit 
101 according to the invention of Fig. 4. The feedback control unit 80 has such a construction that a proportional calcu- 
lating unit 122 for multiplying a proportional gain Kp, a low band emphasizing filter 124 using a PI compensator, a 
phase-lag compensator, or the like, and a phase-lead compensator 126 are serially arranged. A gain Kp1 of a gain mul- 
tiplier 128 applied to an output of the low band emphasizing filter 124 in Fig. 15 is a DC gain of a phase-lead compen- 
sation. For example, if the phase-lead compensation is linear and has the following form 

the DC gain of the phase-lead compensation is equal to 1. so that the gain Kp1 = 1. That is. in this case, the output of 
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the low band errphasizing filter 124 is equivalent to the low band component of the output of the feedback control unit 
80 as it is. If the phase-lead compensation has the following form 



the gain Kp1 of the gain multiplier 128 is equal to Kp1 = co L /o H . 

[0049] If it is necessary to further advance a phase at a position near the control band, as for the phase-lead com- 
io pensating portion, two linear phase-lead filters are used like 

G (s)ss lll±ll . 1 + T " s (11) 
or. more generally, a phase-lead element expressed by a general transfer function of degree n like 
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is inserted by a polar zero arranging method or the like. For example, in case of the equations (1 1) and (12), both DC 
gains are equal to 1 and the gain of the multiplier 128 is equal to Kp1 = 1. 

25 [0050] Fig. 16 shows a modification of Fig. 15. The embodiment of Fig. 1 6 relates to a case where the feedback 
control unit 80 has such a construction that the low band emphasizing filter 124, the phase-lead compensator 126, and 
a proportional calculating unit 130 are serially arranged in order and a multiplication of the proportional gain Kp is per- 
formed in a terrrinating portion of the arithmetic operation of the feedback control unit 80. In the case where the arith- 
metic operation of the proportional gain Kp in the feedback control unit 80 is performed in the terminating portion as 

30 mentioned above, the compensation gain of the gain multiplier 1 28 is obtained by 

K^-KplxKp 

More generally, a whole DC gain of the filter which is inserted in a circuit from a branch point 125 between the low band 
emphasizing filter 124 and phase-lead compensator 126 to an output point 127 of the feedback control unit 80 in Fig. 
16 is set as a gain of the gain multiplier 128. For example, there is a case where a notch filter to cancel a high-order 
resonance is inserted between the points 125 and 127. two phase-lead compensating filters are also used, or the like. 
However, in this case, a whole DC gain of them, namely, a DC gain of transfer characteristics between the points 125 
and 1 27 is set to the gain of the gain multiplier 1 28. . 
[0051] Figs. 17A and 17B relate to an embodiment in the case where the low band emphasizing filter 124 of tne 
feedback control unit 80 is a filter of a PI compensating type. In the low band emphasizing fHter 124. an output of the 
proportional calculating unit 130 is inputted to an addition point 134. an output of the proportional calculating unit 130 
is inputted to an integration calculating unit 132, and its integration output is added by the addition point 134. In this 
rase a gain K^^p of the gain multiplier 128 is used as a correction coefficient that is equal to the DC gam in a range 
from the branch point 125 to the output point 127 of the feedback control system. Further, the output stage of the feed- 
back control unit 80 becomes a phase-lead compensator & post-stage compensation element 136. The post-stage 
compensation element includes a notch filter or the like to compensate a high-order resonance of. for example, a 

mechanical portion. . . . 

[0052] Figs. 18A and 18B relate to a modif ication of Figs. 17A and 17B. In the embodiment, the value just before 
the track jump of an integration compensation value from the integration calculating unit 1 32 in the low band emphasiz- 
ing fitter 124 to perform the PI compensation in the feedback control unit 80 is held in the holder 1 18 of the sample 
holder 114 during the track jump and fed-forward. A calculation stop/restart command 150 will be clearly described 

[Of^]^ Figs. 19A and 19B describe a cfifference between the embodiment of Figs. 17A and 17B and the embodi- 
55 mentof Figs. 18Aand 18B. Fig. 19A shows the gain for the frequency. Fig. 19B shows a phase angle for the frequency 
In case of holding and outputting the value just before the track jump of the PI compensation value of the low band 
emphasizing filter in Figs. 17A and 17B during the track jump, frequency characteristics like PI output characterist^ 
138 in Fig. 19A to which a proportional component P and an integration component I have been added are obtained. 
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Even if the oscillatory disturbance of a frequency dose to a frequency near 500 Hz at a PI folding point is applied, since 
PI output characteristics 142 of the phase angle in Fig. 19B near such a point are also improved as compared with I 
output characteristics 144 consisting of only an I component a feed-forward compensation signal during the track jump 
which is also effective to a higher oscillatory component is obtained for the vibration occurring from the outside of the 
apparatus. However, since the proportional component is included in case of Rgs. 17A and 17B. the modification of 
Figs. 1 7A and 1 7B has transfer characteristics which are flat up to a high band as shown in the PI output characteristics 
1 38 in Fig. 1 9A and there is a possibility that they are easily influenced by noises or the like according to circumstances. 
[0054] On the other hand, in case of the characteristics consisting of only the integration component I as shown in 
Rgs. 18A and 18B, they are opposite to those in the case of the PI component. On the other hand, in case of only the 
integration I component as shown in Fig. 18, its gain and phase characteristics become as shown by I output charac- 
teristics 140 in Rg. 19A and I output characteristics 144 in Rg. 19B. In this case, they are opposite to those in case of 
the PI component in Rg. 1 7 and. although they are slightly weak against the oscillatory disturbance of a high frequency, 
since the gain drops in a high band, there is such an advantage that they are strong against the noises. Therefore, it is 
sufficient to select a preferred one of a mode in which the value just before the track jump of the PI component in Figs. 
1 7A and 1 7B is held and outputted during the track jump and a mode in which the vaJue just before the track jump of 
only the I component is held and outputted during the track jump as shown in Rgs. 18A and 18B in accordance with the 
characteristics of the apparatus, a specification request or the like. 

[0055] The above relation is generally expressed as shown in Rgs. 20A. 20B, 21 A, and 21B. Transfer characteris- 
tics of the whole low band emphasizing filter are assumed to be GL(s). Rgs. 20A and 20B show a general form in the 
case where the value just before the track jump of the P I component in Rgs. 1 7A and 1 7B is held and outputted during 
the track jump and show a case where an output (in the invention, referred to as a "PI type low band compensation com- 
ponent") of the whole low band emphasizing filter is held and outputted during the track jumpi Rgs. 21 A and 21 B show 
a general form in the case where the value just before the track jump of only the I component in Rgs. 18A and 18B is 
held and outputted during the track jump and show a case where an output (in the invention, referred to as an "I type 
low band compensation componenO of the low band emphasis calculating unit is held and outputted during the track 
jump. 

[0056] In Rgs. 20A f 20B, 21 A, and 21 B, the low band emphasizing filter 124 provided for the feedback control unit 
80 comprises: the proportional calculating unit 130 in which the proportional gain Kp is set; a low band emphasis cal- 
culating unit 1 46 having a transfer function GL ? (s) ; a proportional calculating unit 1 47 in which a direct transfer gain (DC 
transfer, gain) Kq L of the proportional component of the low band emphasizing filter has been set and the addition point 
134. That is. in Rgs. 20A, 20B, 21 A, and 21 B, a transfer function of the low band emphasizing filter 124 is assumed to 
be GJs). That is, when the transfer function of the low band emphasizing filter 124 is assumed to be G L (s), it is gener- 
ally expressed as follows. 



G ^>r (13) 

In general m <; n. The low band emphasizing filter 124 usually includes the DC transfer component of the proportional 
component. In this case, the degrees of the numerator and denominator are equal (m ■ n). When m = n , the transfer 
function of the equation (13) can be generally dissolved as follows. 

G l (s)=G l '(s)+K Ql (14) 

where. G L '(s) is the transfer function that is strictly proper (namely, the degree of the numerator is smaller than that of 
the denominator). That is, when the degrees of the numerator and the denominator of the transfer function G L (s) of the 
low band emphasizing fitter 124 are equal, as shown by the equation (14), the transfer function G L (s) can be expressed 
as a sum of the DC transfer term (K^J of the proportional component and the transfer function G^s) that is strictly 
proper. In the invention, the transfer function G L '(s) is referred to as a low band emphasis calculating unit. As a transfer 
function G|_(s). besides, 

- , % „ K, s + K, 

G ^ s1 + 7 a "T < 15 > 



in the PI compensation shown above, it is also possibl to use 
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(16) 



5 of a phase-lag compensation which is ordinarily and frequently used or a low band emphasizing filter (m s n) of a wider 
definition that is shown generally by 

G tW - *< + " (17) 



10 



[0057] Figs. 22A, 22B, 23A. and 23B show an embodiment in the case where the low band emphasizing filter 124 
provided for the feedback control unit 80 is constructed by a phase-lag compensation as shown by the equation (16) 
is and the proportional calculating unit 130. That is, the phase-lag compensation of the equation (12) is realized by an 
addition synthesis of a low band emphasis calculating unit 148 expressed by. 

G u Xs) = (fi> H -°>L) / ( S + G >L) 

20 and the DC transfer component (Kq L = 1) of the proportional component. There is the following difference between the 
embodiment of Figs. 22A and 22B and the embodiment of Figs, 23A and 23B. According to the embodiment of Figs.. 
22A and 22 B, the value just before the track jump of the output (PI type low band compensation component) of the 
whole low band emphasizing filter is held and outputted as shown in Figs. 20A and 20B. On the other hand, according 
to the embodiment of Figs. 23A and 23B, only the value just before the track jump of the output (I type low band com- 

25 pensation component) of the low band emphasis calculating unit 148 is held and outputted as shown in Figs. 21 A and 
21 B. As mentioned above, in the track jump control unit 101 of the invention shown in Fig. 4, the FF signal for repetitive 
disturbance compensation from the learning control unit 82 prepared for the track-following control is continuously fed- 
forward even during the track jump. Further, by performing the track jump by the track jump signal l-j-j in a state where 
the value just before the track jump of the low band compensation component of the feedback control unit 80 for the 

30 track-following control is held to the constant value during the track jump and fed-forward, the track jump can be stabi- 
lized. 

[0058] Figs. 24A and 24B show an embodiment for changing the control mode to the track-following control again 
after the track jump with respect to the case where the value just before the track jump of the output (PI type low band 
compensation component) of the low band emphasizing filter 124 shown in Figs. 20A and 20B is held and outputted 

35 during the track jump. This embodiment has a such function that the calculation of the low band emphasizing filter 124 
provided for the feedback control unit 80 is temporarily stopped and restarted by issuing the calculation stop/restart 
command 150 to the low band emphasis calculating unit 146 of the low band emphasizing filter 124. When a calculation 
stop command is received, the low band emphasis calculating unit 146 to perform the calculation of "Gl^s)" of the low 
band emphasizing filter 124 temporarily stops the filter calculation while a variable in the filter at that time is held. In the 

40 control system of the optical disk drive of the invention, the control function is realized by the arithmetic operation of the 
software by the DSP 16 as shown in Figs. 2A and 2B, and such a calculation stop of the low band emphasizing filter 
124 can be easily realized. While the calculation is stopped, the low band emphasis calculating unit 146 does not per- 
form the calculation even if the input signal is updated and its output holds and outputs the value just before the calcu- 
lation stop. When a calculation restart command is received during the calculation stop, the low band emphasis 

45 calculating unit 146 restarts the calculation by the internal variables held and the input value at the time of the restart 
of the calculation and outputs a calculation result 

[0059] Figs. 25A and 25B show an embodiment for changing again the. control mode to the track-following control 
after the track jump in the case where the value just before the track jump of the output (I type low band compensation 
component) of the low band emphasis calculating unit 146 shown in Figs. 21 A and 21 B is held and outputted during the 
so track jump. The stop and restart of the calculation of the low band emphasis calculating unit are executed in a manner 
similar to the case of Figs. 24A and 24B. In this case, since the output of the low band emphasis calculating unit has 
been held during the track jump, the sample holder 1 1 4 can be omitted. 

(Signal waveform of track jump signal) 

55 

[0060] The track jump in the case where a Coulomb frictional disturbance exists in the positioner carriage will now 
be analyzed in detail. Figs. 26A to 33D show states in the case where the track jump is performed while changing the 
timing (phase) for the period of the eccentricity disturbanc when there is an eccentricity in the medium and there is a 
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Coulomb frictional disturbance in the positioner carriage. For example, referring now to Figs. 26A to 26D, Fig. 26A 
shows the positioner displacement, Fig. 26B shows the positioner speed, Fig. 26C shows the track jump signal (track 
jump acceleration FF signal), and further, Fig. 26D shows the disturbance compensation signal. The positioner cfis- 
placement of Fig. 26A shows the jump source track following orbit 222 and the jump destination track following orbit 224 
in a manner similar to Fig. 5A and shows a movement orbit for one medium rotational period of t * 0 to 13 msec with 
respect to the time t of the axis of abscissa. The track pitch of the medium is equal to TP = 1 .6 jim, the eccentricity 
amount is equal to 40 ump-p, and further, the coefficient of friction is equal to n ■ 0.4. Further, the track jump acceler- 
ation and deceleration are equal to ± 50 m/sec 2 as shown in Fig. 26C. This point is also similarly applied to Figs. 26A 
to 33D. In Figs. 26A to 33D, the track jump is performed at the following timings for the period of the positioner displace- 
ment which follows the eccentricity disturbance. 



Figs. 26A-26D 
Figs. 27A - 27D: 
Figs. 28A - 28D: 
Figs. 29A - 29D: 
Figs. 30A - 30D: 
Figs. 31A-31D: 
Figs. 32A - 32D: 
Figs. 33 A - 33 D: 



t1 = 0.0 msec 
t2 = 2.0 msec 
t3 = 3.3 msec 
t4 = 4.0 msec 
t5 = 6.3 msec 
t6 = 9.0 msec 
t7 = 9.8 msec 
t8 * 1 1 .0 msec 



[0061 ] Further, although one period of the eccentricity disturbance corresponding to one medium rotation is shown 
in Figs. 26A to 26D, Figs. 27A to 27D, Figs. 30A to 30D, and Figs. 33A to 33D, the states near the timings t3. t4, t6, and 
t7 of the track jump are enlargedly shown in Figs. 28A to 28D. 29A to 29D, 31 A to 31 D, and 32A to 32D, respectively. 
With respect to the positioner displacement in each of Figs. 26A, 27A, 28A, 29A, 30A, 31 A, 32A. and 33A. the jump 
source track following orbit 222 and jump destination track following orbit 224 are drawn in parallel and track jump orbits 
226-1 to 226-7 which start from the jump source track following orbit 222 and reach the jump destination track following 
orbit 224 are shown at the track jump time t1 to t8, respectively. In the positioner speed in each of Figs. 26B, 27B, 28B. 
29B, 30B, 31 B, 32B, and 33B. the track eccentricity following speed orbit 228 of the positioner carriage and track jump 
speed orbits 230-1 to 230-7 occurring by the track jump at the track jump times t1 to t8 are shown. In Figs. 26C, 27C, 
28C, 29C, 30C, 31 C, 32C. and 33C, track jump signals 232-1 to 232-8 are shown at the track jump times t1 to t8, 
respectively. Further, with respect to the disturbance compensation signal of each of Figs. 26D, 27D, 28D, 29D, 30D, 
31 D, 32D, and 33D, the disturbance compensation signal at the time of the track-following control is shown by a solid 
line 234 and the disturbance compensation signal that is necessary at the time of the track jump is shown by a broken 
line. 

[0062] The learning result (FF signal for repetitive disturbance compensation) which is outputted by the learning 
control unit 82 in Fig. 4 can be regarded as a signal which is approximated to the disturbance compensation signal 234 
at the time of the track-following control at high precision. In the invention, (the learning result as an approximated func- 
tion of) the compensation signal 234 is always fed-forward to the carriage driving unit 86 through the addition point 84 
either during the track-following control or during the track jump. First, as shown in Figs. 26A to 26D, 27A to 27D, and 
33A to 33D, when the direction of the eccentricity following speed, namely, the track eccentricity following speed orbit 
228 at each of the track jump time t1 , t2, and t8 and the speed direction of each of the track jump speed orbits 230-1 , 
230-2, and 230-8 coincide, since the moving direction of the carriage is not changed during the track jump, the repetitive •■ 
disturbance compensation signal 234 in each of Figs. 26D, 27D, 28D, 29D, 30D, 31 D, 32D t and 33D becomes the signal 
to accurately compensate for the disturbance even if it is used during the track jump. That is, in those cases, the distur- 
bance compensation signal that is shown by a broken line and is necessary during the track jump perfectly coincides 
with the solid line 234. 

[0063] As shown in Figs. 30A to 30D, even if the speed direction of the track jump speed orbit 230-5 is opposite to 
that of the track eccentricity following speed orbit 228, if the speed specified by the track jump speed orbit 230-5 is lower 
than the track eccentricity following speed orbit 228, the moving direction of the positioner carriage is not changed dur- 
ing the track jump. The repetitive disturbance compensation signal 234 for track-following control can be regarded as a 
signal to compensate for the disturbance at high precision even if it is used during the track jump. That is, in this case 
as well, the disturbance compensation signal that is shown by a broken line and is necessary during the track jump per- 
fectly coincides with the solid line 234. 

[0064] The above description will now be summarized as follows. 

[moving velocity of the carriage for the rail] ■ [eccentricity following speed] + 
[track jump speed in which the track is used as a reference] 
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Since the Coulomb friction occurs between the positioner carriage and the rail, it depends on the sign (moving direction) 
of the moving velocity of the positioner carriage for the rail and the frictional disturbance occurs in the direction adapted 
to obstruct the movement In other words, in the case where the moving direction of the carriage for the period of time 
of the track jump coincides with that of the carriag when it is allowed to follow the track for such a period of time, even 
5 if the Coulomb friction exists, the moving direction of the carriage during the track jump coincides with that during the 
trade-following control. Therefore, the repetitive disturbance compensation signal for track-following control can be used 
as a high precision disturbance compensation signal even if it is used during the track jump. 

[0065] Figs. 29A to 29D and 3 1 A to 3 1 D relate to the case where although the speed specified by each of the track 
jump speed orbits 230-4 and 230-6 is opposite to that of the track eccentricity following speed orbit 228 at that time in 

10 a manner similar to Figs. 30A to 30D. a range where the value of the speed of the track jump itself is higher than the 
track eccentricity following speed at that time exists. For example, as shown at points 156 and 158 of the track jump 
speed orbit 230-4 in Fig. 29B, a range where the carriage speed crosses the zero point and the speed direction is 
reversed during the track jump occurs. In the range between the points 1 56 and 1 58. since the direction of the carriage 
speed due to the track jump is opposite to that of the track eccentricity following speed orbit 228. the direction of the 

is Coulomb frictional disturbance is opposite to that at the time of the track eccentricity following operation. Therefore, the 
ideal disturbance compensation signal in the time range between the points 156 and 158 becomes a signal as shown 
by a broken line 160. An FF error shown by a hatched portion 162 occurs between the signal of 160 and the compen- 
sation signal 234 which is actually fed-forward. Therefore, to cancel the Coulomb frictional disturbance, it is necessary 
to supply the driving current in the accelerating direction to compensate for the Coulomb frictional disturbance in a 

20 range shown by the broken line 160 in Fig. 29D where the direction of the Coulomb frictional disturbance is opposite to 
" thai upon track-following control in which the FF error 162ocburs. This means that when only the feed-forward of the 
~ repetitive disturbance compensation signal only by the learning control unit 80 is performed, a feed-forward error shown 
by the hatched portion 162 surrounded by the broken line 160 remains. 

[0066] Figs. 28A to 28D and Figs. 32A to 32D show a case where the track jump is performed at time t3 and t7 near 
25 the timing when.the speed becomes zero with respect to the-track eccentricity following speed orbit 228. For example, 
. . in Fig. 28B, although the moving direction of the speed specified by the track eccentricity following speed orbit 228 is 
reversed at a time point 1 72, the moving velocity of the carriage is changed from the velocity upon track-following con- 
trol as shown by the track jump speed orbit 230-3 by starting^ the track jump at a time point of time t3 = 3.3 msec before 
the reversal of the moving direction. Therefore, the reversal of the moving direction is changed to a time point 174 
30 delayed from the time point 1 72. In Fig. 32B, although the.carriage moving direction is reversed at a point 1 78 as shown 
r by the track eccentricity following speed orbit 228, it shows the track jump speed orbit 230-7 by the track jump from time 
t7 =. 9.8 msec and the carriage moving, velocity is changed: frorrv the velocity upon track-following control, so that the 
reversal of the moving direbtion is changed to a point 1 76. Thus/?the ideal disturbance compensation signal in a time 
' range between the points 1 72 and .1 74 in Fig. 28D becomes a signal as shown by a broken line 1 52. When the repetitive 
- 35 disturbance compensation signal 234 is fed-forward, an FF error shown by a hatched portion 1 54 occurs. In case of Fig. 
32D as well, an FF error shown by a hatched portion 1 82 Iil4wisei occurs. Analysis results of Figs. 26A to 33D will now 
be summarized as shown in tables of Figs. 34A and 34B. in the tables of Figs. 34A and 34B, in the track jump in the 
apparatus in which the Coulomb frictional disturbance exists, there is a point where the direction of the Coulomb friction 
'* occurring in a slide portion between the positioner carriage and the guide is steeply reversed in dependence on the 
4a direction (positive/negative) of the relative speed between them. In the apparatus using the single stage positioner as 
a target of the invention, the relative speed is determined by the eccentricity following speed and the track jump speed. 
Thus, as shown in the tables of Figs. 34A and 34B. in case of Figa 26A to 26D. 27A to 27D, and 33A to 33D where the 
moving direction of the eccentricity speed during the tractejump and the moving direction of the track jump coincide, 
since the direction of the relative speed between the positioner carriage and the rail during the track jump is the same 
. 45 as that during the track-following control. Therefore, no contradiction occurs in the magnitude or direction of the Cou- 
. lomb frictional disturbance and the feed-forward compensation can be performed at high precision even if the repetitive 
disturbance compensation signal 234 is used during the track jump. On the other hand, when the moving direction of 
the eccentricity speed during the track jump is opposite to the moving direction of the track jump and the magnitude of 
the speed (relative speed of the positioner carriage in which the track is used as a reference) of the track jump is larger 
so than the magnitude of the eccentricity speed at that time, the direction of the relative speed between the positioner car- 
riage and the rail during the track jump is reversed from that during the track-following control as shown in Figs. 29A to 
29D and Figa 31 A to 31 D, the direction where the Coulomb frictibrial disturbance occurs is opposite to that during the 
"^track-following control for such an interval. Further, there is a case where the track jump is performed over a time point 
• when the eccentricity speed becomes zero as shown in Figs. 28A to 28D and Figs. 32A to 32D. In Figs. 28A to 28D, 
. 55 since the track jump is started in the positive direction just before the eccentricity following speed is changed from a 
. * positive value to zero, the time when the speed of the positioner carriage crosses the zero point and becomes a nega- 
tive speed is delayed from the point 172 to the point 174 as compared with the timing upon eccentricity following. If the 
repetitive disturbance compensation signal for eccentricity following shown by the solid line 234 is fed-forward, the feed- 
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forward operation of an insufficient acceleration is performed as compared with the ideal disturbance compensation sig- 
nal 152 shown by the broken line to be fed-forward during the track jump. In Figs. 32A to 32D, since the track jump is 
started in the positive direction just before the track eccentricity following speed is changed from a negative value to 
zero, the time when the speed of the positioner carriag crosses the zero point and becomes a positive speed is 
advanced from the point 178 to the point 1 76 as compared with the timing upon eccentricity following. Therefore, if the 
repetitive disturbance compensation signal for eccentricity following shown by the solid line 234 is fed-forward, a feed- 
forward operation of an insufficient acceleration is likewise performed as compared with an ideal repetitive disturbance 
compensation signal 180 (shown by a broken line) to be fed-forward during the track jump. From the above analysis 
results, there is such a feature that with respect to the case where the compensation error occurs when there is the 
Coulomb friction, the direction where the compensation error occurs becomes the direction of the insufficient acceler- 
ation in any case. In the invention, therefore, by forming the track jump signal in consideration of the feature in which 
the direction where the compensation error occurs when there is the Coulomb friction becomes the direction of the 
insufficient acceleration, even in the case where an error occurs in the repetitive disturbance compensation signal to be 
fed-forward during the track jump, the track jump can be stably and rapidly performed. 

[0067] Figs. 35A to 35C show the track jump signal of the invention obtained by considering such a principle that 
the disturbance compensation error certainly occurs in the direction of the insufficient acceleration in the feed-forward 
by the repetitive disturbance compensation signal. That is, Fig. 35A shows the tracking error signal TES. Fig. 35B 
shows the track jump signal of the invention. Fig. 35C shows the track jump speed (relative speed between the track 
and the positioner). The track jump signal to jump the light spot by one track in Fig. 35B is constructed by a first tack 
pulse 180,~a second kick pulse 182, and a brake pulse 184. The first Wck pulse 180 has a predetermined acceleration 
height A1 and a predetermined time width T1 smaller than the minimum value of the time (t1 - tO) from a trick jump start 
time tO in Fig. 35A to a track zero-cross point detection time tl showing the passage of 0.5 track in the tracking error 
signal TES. Although the duration of the time (tl - tO) is fluctuated by various disturbance amounts which are applied at 
the time of the track jump as will be also explained hereinlater, the values of At and T1 are designed so that the prede- 
termined time width T1 can be set to a duration that is equal to or shorter than the minimum time of (t1 - tO) in consid- 
eration of presumed disturbance conditions. As a second kick pulse 182, a predetermined acceleration A2 whose 
height is lower than the first kick pulse 1 80 is continued until the track zero-cross point detection time t1 . Therefore, a 
continuation time T2 of the second kick pulse is changed due to the disturbance amount upon track jump and is not con- 
stant. Further, the brake pulse 184 has a height of predetermined deceleration A3 and a predetermined time width T3 
with respect to a period of time after the track zero-cross point detection time t1 and is adjusted so that its end time point 
becomes a time point t2 that is 1/4 track before the target track. In the track jump signal according to the invention, the 
first kick pulse 180 becomes a main acceleration pulse and is set to the acceleration A1 which is largest possible, in 
order to rapidly accelerate, in a range where the deceleration can be performed by the brake pulse 184 and the subse- 
quent lead-in control considering the acceleration performance of the positioner carriage. The continuation time T1 of 
the first kick pulse 180 is set to a continuation time as long as possible in a range where the first Wck pulse 180 is fin- 
ished at a point that is earlier than the track zero-cross detection time point t1 even if the maximum value of a distur- 
bance compensation error which is presumed acts. The disturbance compensation error denotes an error between the 
disturbance compensation amount due to the feed-forward which is executed during the track jump mentioned above 
and an amount of disturbance which actually acted. Further, the second kick pulse 182 subsequent to the first kick 
pulse 1 80 is set in such a manner that the acceleration A2 is smaller than that of the first Wck pulse 180 and larger than 
the maximum value of the disturbance compensation error that is presumed, namely, the insufficient acceleration clar- 
ified by the analysis of Figs. 24A to 33D. that is, the disturbance compensation error occurring in the decelerating direc- 
tion and can compensate for the disturbance compensation error in the decelerating direction. There are the following 
advantages in case of using such a track jump signal. First, in an acceleration phase until the track zero-cross point 
detection time t1 , the first Wck pulse 1 80 and second kick pulse 1 82 of the acceleration exceeding the disturbance com- 
pensation error in the decelerating direction are always generated. Therefore, as shown in Figs. 27A to 27D, 28A to 
28D, 3 1 A to 31 D, and 32A to 32D, even if the compensation error in the decelerating direction occurs, the track jump is 
not reversely performed by the deceleration disturbance. The first kick pulse 180 of the large acceleration A1 is set so 
as not to continue until the track zero-cross point detection time t1 and the second Wck pulse 182 is set to the magnitude 
of the necessary minimum acceleration A2. Therefore, even if there is a variation of detection time of the track zero- 
cross point which will be clearly explained hereinlater, in other words, even if there is usually a variation depending on 
the precision of about one sampling time, a self-applied acceleration variation due to the variation of the track zero- 
cross point detection time is suppressed to the minimum value. That is, a speed variation due to the self applied accel- 
eration at the end of the acceleration is minimized. The brake pulse 184 is adjusted so that the height of deceleration 
A3 is constant and an end time point of its continuation time T3 is set to a point near the time point that is approximately 
1/4 track before the target track, more accurately, a point near the time point when the tracWng error signal TES has the 
maximum amplitude. At a point that is 1/2 track before the target track serving as a position near a grocjve of the medium 
track, since a sensitivity of the tracking error signal TES is inverted from that at a portion near the land, a range close 
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t the target track exceeding the peak near a point that is 1 /4 track before the target track can be used easily as a feed- 
back signal for track lead-in control. Therefore, the continuation time T3 of the brake pulse 184 has a meaning of waiting 
for a passage of a range where it is difficult to use the signal as a feedback signal for track lead-in control. However, if 
the brake pulse 184 of the predetermined deceleration A3 as mentioned above is continued for a long time, there is a 
5 possibility that the errors ar accumulated because of a kind of open control. Therefore, it is proper to stop the brake 
pulse 1 84 as quickly as possible and absorb the errors occurring during the track jump by the feedback control for track 
lead-in. Consequently, it is considered that it is the optimum way to set the continuation time T3 of the brake pulse so 
that the continuation time of the brake pulse 1 84 is finished at a point near a position that is 1/4 track before the target 
track corresponding to the peak point of the tracking error signal TES in consideration of the following points. 

10 

I. Wait for the passage of the range where it is difficult to use the TES signal for feedback control of lead-in control. 

II. It is proper to stop the brake pulse as quickly as possible and absorb the errors occurring during the track jump 
by the feedback control. 

15 [0068] Figs. 36A to 36D show the track jump signal according to the invention in Fig. 35B and a specific example 
of its control. Fig. 36A shows the tracking error signal TES. Fig. 36B shows the positioner displacement Fig. 36C shows 
the positioner speed. Fig. 36D shows the track jump signal of the invention. In Figs. 36A and 36B, both of the positioner 
displacement and the positioner speed are shown as relative amounts in which the track is used as a reference. The 
embodiment presumes the ideal case where the track pitch TP of the medium is set to TP = 1 .1 ^m and there is no com- 

20 pensation error of the disturbanca Further, a sampling frequency of the control system is set to 55 kHz, a total delay 
amount Td of a detection delay of the track zero-cross point, an output delay that is caused until the brake pulse is actu- 
ally outputted. and the like is averagely set to a value of approximately one sampling period for the actual track zero- 
cross time t1 of the tracking error signal TES in Fig. 36A, and the brake pulse is generated at time tr as shown in the 
diagram. The height A1 of the first kick pulse 180 in Fig. 36D is set to a relatively small value of A1 = 25 [m/sec 2 ] also 

25 considering a limitation of the maximum generating acceleration of the carriage in the apparatus using the single stage 
positioner, or the like. Although not shown in Figs. 36A to 36D, in the actual apparatus, the repetitive disturbance com- 
pensation signal for track-following control from the learning control unit 82, the low band compensation component 
from the feedback control unit 80. and the like are applied as feed-forward components as shown in the embodiment of 
Fig. 4. The eccentricity amount of the exchangeable medium such as an MO cartridge or the like that is used in the 

30 apparatus of the invention, the frictional disturbance of the apparatus, the vibration disturbance from the outside of the 
apparatus, and the like are compensated mainly by the feed-forward of the repetitive disturbance compensation signal 
upon track-following control, the low band compensation component of the feedback control system, and the like. It is 
necessary to set the compensation margins for those disturbances to. for example, about 25 [m/sec 2 ]. Therefore, if the 
maximum generating acceleration of the carriage is set to about 50 [m/sec 2 ]. the acceleration A1 that is allocated to the 

35 first kick pulse 1 80 is equal to about A1 = 25 [m/sec 2 ]. The height of the second kick pulse 1 82. namely, the acceleration 
A2 is set to A2 = 8 [m/sec 2 ]. Now. assuming that the maximum value of the coefficient of friction in the slide portion of 
the carriage of the single stage apparatus is set to » 0.35. FF compensation errors 154, 162. 1 70, and 182 in Figs. 
28A to 28D. 29A to 29D. 31 A to 31 D, and 32A to 32D are twice as large as the friction amount. Therefore, if they are 
converted to an acceleration error, it is equal to 

40 

2 x 0.35 x 9.81 o 6.87 [m/sec 2 ] 

[0069] Since the acceleration error acts in the decelerating direction, the second kick pulse 182 is set to A2 = 8 
[m/sec 2 ] so as to set the height of acceleration A2 which can overcome the deceleration component The deceleration 

45 A3 and continuation time T3 of the brake pulse 1 84 are set in such a manner that the speed accelerated by the first kick 
pulse 180 and second kick pulse 182 is decelerated to a speed which can be led in by the lead-in control system at a 
position near a point that is 1/4 track before the target track, more accurately; at a position where the tracking error sig- 
nal TES in Fig. 36A becomes the peak at a point that is 1/4 track before the target track. In this case, if the deceleration 
A3 of the brake pulse 184 is too high, the positioner carriage is moved backward to the end of the brake pulse. If the 

so deceleration A3 of the brake pulse 1 84 is too low, the speed when the control mode is changed to the lead-in control is 
too high and the lead-in operation fails. Therefore, it is necessary to adjust the deceleration A3 in such a manner that 
when the brake pulse 184 is finished, namely, when the control mode is changed to the lead-in control, the positioner 
carriage is not moving backward and. further, the speed is not too high. In Fig. 36D. a case where a permission value 
of the highest speed in case of changing the control mode to the lead-in control at a position near a point that is 1/4 

55 track before the target track is equal to approximately 3.5 [mm/sec] is presumed. The lowest speed when changing the 
control mode to the lead-in control is set to 0 [mm/sec] in the worst case under a condition that the positioner carriage 
is not moving backward. That is, it is sufficient to set the height A1 and continuation time T1 of the first kick pulse 180. 
height A2 of the second kick pulse 182, and the height A3 and continuation time T3 of the brake pulse 184 in such a 



25 



EP 1 043 715 A2 

manner that the track jump speed when the control mode is changed to the lead-in control at a position near a point that 
is 1/4 track before the target track lies within a range of 0 to 3.5 [mm/sec]. Figs. 37A to 37D, 38A to 38D, and 39A to 
39D show the track jump in the case where the disturbance compensation error by th feed-forward of the repetitive 
disturbance compensation signal occurs at a different timing. The disturbance compensation error occurs in the decel- 
erating direction. The coefficient of friction is set to = 0.35 presumed as a maximum value. When it is converted 
to an acceleration error, since a double error occurs, it is assumed that the deceleration of -6.87 [m/sec 2 ] occurs in Figs 
37A to 39D. As shown in Figs. 28A to 28D, 29A to 29D, 31 A to 31 D, and 32A to 32D, a time width in which the error in 
the decelerating direction occurs depends on the phase of the disk rotation at which the track jump is performed the 
eccentricity amount, or the like. In Figs. 37A to 39D. in consideration of the above point, the time when the deceleration 
disturbance due to the compensation error of the deceleration -6.87 [m/sec 2 ] acts is changed to time td1 . td2. and td3. 
[0070] First. Figs. 37A to 37D relate to a case where a deceleration disturbance 186-1 acts at the time td1 = 0 just 
after the start of the track jump and the deceleration disturbance 186-1 is applied continuously during the track jump 
and show the worst case. The first kick pulse 180. second kick pulse 182. and brake pulse 184 of the track jump signal 
are effectively changed as shown by 180-1. 182-1. and 184-1 due to the deceleration disturbance. Figs. 38A to 38D 
relate to a case where a deceleration disturbance 186-2 occurs at a point near the time td2 = 100 psec after the start 
of the track jump and continues until the end of the track jump. Further. Figs. 39A to 39D relate to a case where a decel- 
eration disturbance 186-3 occurs at a point near the time td3 = 200 >isec after the start of the track jump and continues 
until the end of the track jump. In Figs. 38D to 39D, the positioner carnage is subjected to the deceleration disturbances 
1 86-2 and 1 86-3 of the maximum value of the frictional disturbance compensation error for each time interval of approx- 
imately 2/3 and 1/3 of the time that is required for the track jump and determined by the sum of the continuation time of 
the first kick pulse 180. second kick pulse 182. and brake pulse 184. However, when positioner displacements in Figs. 
38B and 39B are seen, the brake pulse 1 84 is finished at a position near a point of the track pitch 0.825 juti correspond- 
ing to a position near a point that is 1/4 track before the target track of the track pitch TP = 1 .1 in both of them. As 
for the track jump speed at that time, since the positioner speed lies within a range of 0 to 3.5 [mm/sec] as shown in 
Figs. 38C and 39C. the subsequent lead-in operation succeeds. On the other hand, Fig. 37D relates to the worst case 
and the positioner carriage is continuously subjected to the deceleration disturbance 186-1 of the maximum value of 
the frictional disturbance compensation error during the track jump from the time td1 * 0 jisec just after the start of the 
track jump. In this case, as shown in Fig. 37B. although the positioner displacement does not slightly reach the position 
of 0.825 jim that is 1/4 track before the target track, the positioner speed leaves the speed in the rushing direction for 
the target track as shown in Rg. 37C, so that the pickup can be led in even in the worst case. In the formation.of the 
track jump signal of the invention as mentioned above, the height A1 and continuation time T1 of the first kick pulse 180, 
height A2 of the second kick pulse 182, and the height A3 and continuation time T3 of the brake pulse 184 are all set 
to the fixed values except for a point that the continuation time T2 of the second kick pulse 182 is variable because it 
continues until the detection of the track zero-cross point On the other hand, according to the conventional track jump 
signal, there is a method whereby by detecting an inclination of the tracking error signal TES at the time of the detection 
of the track zero-cross point, an amount corresponding to the speed at that time point is captured and the height of 
brake pulse is changed in accordance with the speed at that time, or the like. The method of deciding the deceleration 
of the brake pulse in accordance with the speed obtained from the tracking error signal as mentioned above is consid- 
ered to be fairly effective if the speed can be detected at a high reliability. However, in the actual tracking error signal 
TES. there is a case where the noises are large due to an influence by the medium ID portion or the like and there are 
many cases where the speed is detected erroneously. In this case, contrarily. the track jump often becomes unstable. 
On the other hand, in the track jump signal of the invention, the repetitive disturbance compensation signal captured at 
the time of the track-following control, the low band compensation component of the feedback control unit, and the like 
are first fed-forward during the track jump, and the disturbance compensation is performed at a precision as high as 
possible. Further, by forming the track jump signal in consideration of a feature in the case where the precision of the 
disturbance compensation by the feed-forward deteriorates, the stable track jump can be realized in spite of a fact that 
most of the height and continuation time of the track jump signal are set to the fixed values. Since the change in height 
of the brake pulse or the like due to the speed detection using the tracking error signal during the track jump is not per- 
formed, the track jump that is fairly stable for the noises of the tracking error signal TES during the track jump can be 
performed. 

(Restart of arithmetic operation of low band compensating filter and start of feedback control) 

[0071 ] In the conventional track jump control, the output of the low pass filter (low band emphasizing filter) provided 
for the feedback control unit is fed-forward so as to be multiplexed to the track jump signal while it is held to a constant 
value during the track jump, and simultaneously with the end of the track jump (namely, start of the lead-in FB control), 
the arithmetic operation of the low band emphasizing filter which receives the TES signal is restarted, namely, the low 
band FB compensation is restarted. For example, in the embodiment of JP-A-2-152020. the low band emphasizing filter 
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is constructed by a simple integration compensator, the TES signal is inputted to the integration compensator during 
the track-following control, and the low band disturbance compensation is performed.. On the other hand, simultane- 
ously with the start of the track jump, the input to the integration compensator is set to zero, in other words, the output 
of the integration compensator is held to the integration value just before the track jump and multiplexed to the track 
jump signal. Simultaneously with the end of the track jump, the TES signal is again selected as an input to the integra- 
tion compensator and the integration compensation is restarted by using the held integration value as an initial value. 
However, in many cases, it is not always a better way that at the end of the track jump, the compensation arithmetic 
operation of the low pass filter is started simultaneously with the start of the feedback control or the lead-in control for 
track-following control. There is no problem in the case where the tracking error signal TES at a moment when the lead- 
in control is started after the end of the track jump is sufficiently dose to zero, namely, the case where the light spot has 
already been located at a point near the center of the target track when the lead-in control is started. However, there is 
a case where even if the track jump signal is designed so that the light spot is located on the target track at the time 
point of the end of the track jump, the light spot is not located on the target trade due to various disturbances. The output 
of the brake pulse in the track jump signal of the invention is designated in such a manner that the brake pulse is 
75 stopped slightly early, the track jump signal is finished at a position near a point that is 1/4 track before the target track, 
and the control mode is changed to the lead-in control. Therefore, even in an ideal state without a disturbance shown 
in Fig. 36D. at the start of lead-in. the feedback control is started while a state where the large error remains in the track- 
ing error signal TES at a position before the target track of the track pitch 1 :1 urn like a positioner displacement in Fig. . 
36B is set to an initial state. In the case where the lead-in control is started in a state where the error for the target track 
20 is large to a certain extent, the output of the low band compensating f flter also acts in the direction adapted to eliminate 
the error. For example, in case of the low band compensating filter of the integration compensating type, since a large 
error signal is inputted simultaneously with the start of the feedback control, the integration value of the low band com- 
pensating filter is largely osdllated. Since the output of the low band compensating filter generally shows a slow 
response, if the output is largely oscillated once, it takes time to settle the output to the final value. Thus, an adverse 
influence is exerted to the stability of the lead-in control. In the conventional apparatus, since it is necessary to assure 
the feedback gain near the eccentridty frequency in order to stabilize the lead-in control even in case of the medium of 
a large eccentridty. the arithmetic operation of the low band compensating filter and the feedback control of its output 
have to be started simultaneously with the start of the lead-in control. In the invention, however, since the repetitive dis- 
turbance compensation signal which is used for track-following control of high precision is captured by the learning con- 
trol and always fed-forward during the track-following control and the track jump control, there is no need to start the 
feedback of the output of the low band compensating filter just after the start of the track lead-in. The invention, there- 
fore, is characterized in that the restart of the arithmetic operation of the low band compensating filter and the start of 
the feedback control are executed after waiting for a predetermined time after the start of the lead-in. Specifically speak- 
ing, as shown in the embodiment of Figs. 24A, 24B, 25 A, and 25B, since the calculation stop/restart command 150 is 
supplied to the low band emphasis calculating unit 146 provided for the low band emphasizing filter 124 of the feedback 
control unit 80, with respect to the low band emphasizing f flter 1 24 whose arithmetic operation was stopped by the cal- 
culation stop command just before the start of the track jump, a restart command is supplied after waiting for a prede- 
termined time after the start of the lead-in control after completion of the track jump, thereby restarting the arithmetic 
operation of the low band emphasizing f flter 124 and starting the feedback control. A waiting time T4 in a range from 
the start of the lead-in control to the restart of the arithmetic operation of the low band emphasis calculating unit 146 
and the start of the feedback is set to such a time that a transient response due to the lead-in control of the feedback 
control unit 80 in a state where the arithmetic operation of the low band emphasis calculating unit 146 is held stopped 
(namely, as an output of the low band emphasis calculating unit the output value just before the track jump is held and 
continuously outputted) is regarded to be settled to a certain extent The arithmetic operation of the low band emphasis 
calculating unit 146 is restarted after the elapse of the waiting time T4. That is, the low band emphasis calculating unit 
146 stops the arithmetic operation while the internal variables is held and holds its output simultaneously with the start 
of the track jump. After the control mode was changed to the lead-in control, the apparatus waits for the elapse of the 
waiting time T4. The arithmetic operation is restarted while the input value to the low band emphasis calculating unit 
146 at that time and the held internal variables are used as initial values. As an output of the low band emphasis calcu- 
lating unit 146 when the arithmetic operation is restarted, the held output is used as an initial value and the fluctuation 
of the output is restarted in accordance with the input to the low band emphasis calculating unit 1 46. In the embodiment, 
the phase-lead compensator & post-stage compensation element 136 locating at the post stage of the low band 
emphasizing filter 124 in the feedback control unit 80 always continues the calculation even during the track jump. The 
post-stage compensation element is, for example, a notch filter to cancel a high-order resonance of a mechanism. The 
notch filter or the like is not always limited to the case where it is arranged at such a position. For example, the notch, 
filter can be previously applied to the TES signal before it is inputted to the proportional calculating unit 130. Since th 
selector 110 is switched to the track jump signal side 110-2 during the track jump, the output of the phase-lead com- 
pensator & post-stage compensation element 136 is not reflected to the driving command signal. However, the arith- 
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metic operation is continued on the basis of the output of the adder 134. The constant value which is outputted from the 
low band emphasis calculating unit 146, namely, the held output value just before the track jump of the low band empha- 
sis calculating unit 146 and the outputted value from th proportional calculating unit 147, which is obtained by multi- 
plying the TES signal by (Kp x KqJ (in this case, the value which fluctuates in accordance with the fluctuation of the 
TES signal during the track jump is outputted) are multiplexed by the addition point 134, and the phase-lead compen- 
sator & post-stage compensation element 136 continues the filter arithmetic operation by receiving the resultant addi- 
tion signal during the track jump. Simultaneously with the end of the track jump signal (after the elapse of the 
continuation time T3 of the brake pulse A3), the selector 1 10 is again switched to the input terminal 110-1 side, the out- 
put of the phase-lead compensator & post-stage compensation element 1 36, namely, the output of the feedback control 
unit 80 is sent to the addition point 84 and multiplexed to the driving command signal, and the lead-in control is started. 
At this time, the selector 120 is simultaneously switched to the input terminal 120-1 side. The output from the selector 
120 becomes zero. However, in this moment, the stop of the arithmetic operation of the lew band emphasis calculating 
unit 146 is still continued. Subsequently, after the elapse of the waiting time T4. the low band emphasis calculating unit 
1 46 also restarts the arithmetic operation as mentioned above and the output of the low band emphasis calculating unit 
1 46 fluctuates in accordance with the fluctuation of the TES signal while the held output is used as an initial value. Thus, 
the low band compensation output is not largely fluctuated by the transient response of the lead-in control tort is 
promptly converged to the low band disturbance to be compensated, and a steady-state error can be rapidly sup- 
pressed. 

[0072] The operation in which the lead-in control is performed while the arithmetic operation stop of the low band 
compensating filter is continued as mentioned above will now be described as follows from another viewpoint That is, 
since the arithmetic operation of the low band compensating filter is stopped during the transient response of the lead- 
in control, the phase margin near the band of the lead-in control system remarkably increases in correspondence to it 
and the more stable lead-in control in which a damping effect for the rushing speed at the time of lead-in is larger is per- 
formed, so that the stable and rapid lead-in control can be realized. In this case, although the low band compensation 
gain of the feedback control system temporarily decreases, there is no problem in the invention because the repetitive 
disturbance compensation signal obtained by the high precision learning control is fed-fbrward. Since the value just 
before the track jump of the output of the low band compensating filter 1 24 or the output of the low band emphasis cal- 
culating unit 146 is held and feed-forward outputted as well, to the low band compensation for the non-repetitive distur- 
bance is also effectively dona Further, since the low band compensating filter is effective when the reading or writing 
operation is actually performed after completion of the lead-in. the steady-state error is suppressed and the high preci- 
sion track-following control is realized. 

[0073] In the track jump control of the invention as mentioned above, the final value of the low band compensating 
filter 124 or low band emphasis calculating unit 146 just before the track jump is held and continuously held during the 
track jump and for a predetermined time after the start of the lead-in control after the end of the track jump, and after 
that, the arithmetic operation of the low band compensating filer is restarted while the internal variables of the low band 
compensating filter which was held is used as an initial value, and the low band compensation feedback control is 
restarted. Therefore, the input to the low band compensating filter of the large error signal in the lead-in transient 
response just after the track jump is prevented, a situation that the output of the low band compensating filter is vainly 
fluctuated by the lead-in transient response is prevented, and the output of the low band compensating filter can be 
made almost coincident with the actual non-repetitive low band disturbance compensation component. Therefore, the 
error can be soon set to a state.of almost zero by the lead-in control or track-following control, so that the access per- 
formance to the target track by the track jump control can be improved. 

[0074] Rgs. 40A to 40E show signal waveforms during the track jump by the track jump control of the invention. The 
waveforms show the signal waveforms in the embodiment of Rgs. 25A and 25B, more specifically, the embodiment of 
Rgs. 18A and 18B. That is, Rg. 40A shows the tracking error signal TES, Rg. 40B shows the track jump signal, Rg. 
40C shows the repetitive disturbance compensation signal for track-following control, Rg. 40D shows the output of the 
low band emphasis calculating unit and Rg. 40E shows the final carriage driving signal of the positioner. When the 
track jump is started at time to, the carriage driving signal in Rg. 40E during the track jump becomes the sum signal of 
the track jump signal in Rg. 40B, the feed-forward signal for repetitive disturbance compensation in Rg. 40C, and the 
output of the low band emphasis calculating unit in Rg. 40D. After the track lead-in is started at time t1 , the carriage 
driving signal becomes the sum signal of the feed-forward signal for repetitive disturbance compensation in Rg. 40C 
and the output signal from the feedback control unit 80 in Rgs. 25A and 25B (more specif icaily, Rgs. 18A and 18B) 
although not shown. The output of the low band emphasis calculating unit in Rg. 40D is held simultaneously with the 
start of the track jump at time to. During the track jump until time t1 , the held output of the low band emphasis calculating 
unit is added to the track jump signal and the feed-forward signal for repetitive disturbance compensation and becomes 
the carriage driving signal. After the track lead-in is started at time t1 as well, the output of the low band emphasis cal- 
culating unit is held for the predetermined time T4. For this period of time, the transient response by the lead-in control 
is settled as shown in the tracking error signal TES in Rg. 40A. At time t2 after the elapse of predetermined time T4, 
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the arithmetic operation is restarted while the internal variable of the low band emphasis calculating unit held just before 
the start of the track jump is used as an initial value. Therefore, the arithmetic operation of the low band emphasis cal- 
culating unit is stopped for a continuation time T5 obtained by adding the predetermined time T4 during the lead-in con- 
trol to the track jump time. The arithmetic operation of the low band emphasis calculating unit is restarted and the low 

5 band feedback is started at the timing of t2 when the transient response of the track lead-in is settled. Therefore, a sit- 
uation that the output of the low band emphasis calculating unit is vainly fluctuated is prevented and the low band dis- 
turbance compensation value stably continues before and after the track jump. Like an FF signal for repetitive 
disturbance compensation in Fig. 40C, in the case where the track jump is performed over the rotational phase of the 
disk at which the Coulomb frictional disturbance occurs, the carriage driving current for track-following control after the 

jo track jump needs to have an offset which is caused due to the Coulomb frictional disturbance as compared with the car- 
riage driving current before the track jump. However, since the FF signal in Fig. 40C is the feed-forward signal including 
an offset 190, a state where an offset 192 also occurs in the carriage driving signal in Fig. 40E and the -signal is com- 
pensated is obtained. Therefore, when the arithmetic operation of the low band emphasis calculating unit is restarted 
after the signal is almost settled by the lead-in control at time t2, the output of the low band emphasizing filter does not 

75 need to follow this offset. The precision of the track-following control is also accurately held from the stage after the 
lead-in settlement 

(Track jump signal considering time error of TZC detection) . 

20 [0075] Figs. 41 A to 41 C are explanatory diagrams of a kick pulse which is used in the ordinary track jump control. 
That is. Fig. 41 A shows the tracking error signal TES, Fig. 41 B shows the kick pulse to accelerate the track jump signal, 
and Fig. 41 C shows the positioner speed as a track jump speed by the kick pulse. In this figure, this speed indicates a 
relative speed of the track and positioner. A conventional kick pulse 200 is set to a predetermined acceleration in a 
range from start time to of the track jump to time t1 serving as a zero-cross point 202 of the tracking error signal TES. 

25 As already described, according to the track jump control, the acceleration by the kick pulse and the deceleration by the 
brake pulse are performed from a state of the track-following control which can be regarded as a state of a zero relative 
speed in the seeking direction of the medium track and a pickup lens, the pickup is moved to a position near the target 
track, and after that, the control mode is changed to the track-following control or the like, thereby lead-in controlling the 
light spot to the target track. At this time, when considering from a viewpoint of the track jump speed, namely, the rela- 

30 five speed in the seeking direction of the medium track and the pickup lens of the carriage, the speed is accelerated by 
the kick pulse and decelerated by the next brake pulse. Figs. 41 A to 41 C show only the kick pulse. The brake pulse hav- 
ing the deceleration is outputted subsequently to the kick pulse. . It is preferable that the kick pulse in this instance usu- 
ally has a value of acceleration which is large to a certain degree or more in order to reduce the track jump time and 
perform the track jump against the disturbance. However, as shown in the prior art in Figs. 41 A to 41 C, if the kick pulse 

35 200 having a high pulse is outputted continuously until a detection time point t1 of the zero-cross point 202 of the track- 
ing error signal TES, there is such a problem that a variation in speed at the time point of the end of the acceleration 
increases due to a limitation of the detection precision of the zero-cross point of the tracking error signal TES. 
[0076] In recent apparatuses including the apparatus of the invention, a series of processes in the track jump con- 
trol is executed every predetermined sampling intervals by firmware of the DSP 1 6 shown in Figs. 2A and 2B. The sam- 

40 pling period in this case is set to, for example, about 1 8 iisec. That is, by monitoring by sampling the tracking error signal 
once per 18 jisec, whether the TES signal transverses a threshold value or not is discriminated, thereby detecting the 
zero-cross point 202. In this case, when the tracking error signal TES in Fig. 41 A transverses the threshold value of the 
zero-cross point 202 just after the present sampling, the zero-cross point 202 is detected by the next sampling for the 
first time. Therefore, the detection time error of the intersecting time point is set to time t1 ' that is delayed by 1 -sampling 

45 period and the signal is delayed by 18 psec. Since the output of the kick pulse and the brake pulse is also generally 
instructed by firmware of the DSP, the timing to output the pulse is also generally quantized by the sampling period. As 
mentioned above, it is difficult to at least perfectly make the time t1 when the tracking error signal actually intersects the 
zero-cross point coincide with the time t1 ' when the kick pulse 200 is actually switched to the brake pulse. Further, since 
the sampling period of the tracking error signal TES has been quantized by the sampling period of the control system, 

so there is a case where the period is eventually deviated by approximately 1 -sampling period. When such a delay occurs, 
the speed is further accelerated continuously by the kick pulse 200 by the delay time as shown in Fig. 41 B. the speed 
at the acceleration end point t1 ' increases from a speed 204 at time tl to a speed 206 at time t1 ' as shown in Fig. 41 C 
and becomes high by such an increase amount In the case where the pulse output is continued until the track zero- 
cross point is detected while the kick pulse 200 is held constant, when a speed error AV at the acceleration end time 

55 point which occurs due to a detection error by the delay of the sampling period is obtained, it is as shown in a table of 
Fig. 42. As will be obviously understood from this table, as the height of kick pulse 200 is raised, the speed error occur : 
ring since the acceleration end is delayed by the time of one sample increases. This means that a kind of disturbance 
occurs due to the detection delay of the track zero-cross point That is. it can be regarded that the track jump control 
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itself causes a disturbance in addition to the various disturbances such as eccentricity; friction, oscillatory disturbance, 
and the like occurring in and out of the apparatus. After that, such a speed error at the end of acceleration of the track 
jump needs to be absorbed by the deceleration by the brake pulse and the lead-in control. However, in the case where 
the margin for the disturbance is small as in the case where the maximum generating acceleration of the carriage is 
small or the case where the band of the lead-in control cannot be set to a high band like an apparatus using the single 
stage positioner according to the invention, it is difficult to absorb the speed error occurring due to the detection time 
deviation of the track zero-cross point if the other various kinds of disturbance are also included. There are problems in 
which the track jump fails or, even if the speed error can be absorbed, the response speed of the track jump is largely 
fluctuated and the settling time after the track jump becomes long. 

[0077] In the invention, therefore, the kick pulse to accelerate the carriage is set as shown in Figs. 43A to 43C. Fig. 
43A shows the tracking error signal TES. Fig. 43B shows the kick pulse of the track jump signal of the invention, and 
Fig. 43C shows the positioner speed serving as a track jump speed. The kick pulse which is used in the track jump con- 
trol of the invention shown in Fig. 43B is divided into two portions of the first kick pulse 180 and second kick pulse 182. 
In the embodiment, the height A2 of the second kick pulse 182 is set to zero. It is desirable to set the height A1 of the 
first kick pulse 180 as high as possible within a range where the pickup can be preferably led in to the target track by 
the brake pulse, and further, the ability of the subsequent lead-in control, in order to reduce the track jump time. The 
continuation time T1 of the first kick pulse 180 is set to a predetermined time, for example, 

T1 a N x (sampling time) 

while the sampling time of the track jump control system is used as a reference. The sampling time to decide the con- 
tinuation time T1 of the first kick pulse is realized by a timer interruption or the like of the controller and has enough high 
precision, so that the continuation time T1 of the first kick pulse 180 can be also precisely managed. Since both the 
height A1 and continuation time T1 of the first kick pulse 1 80 are constant, the acceleration which is obtained by the first 
kick pulse 180, namely, the increase amount from the initial speed is held constant. A time T6 in a range from the track 
jump start time point to to the zero-cross point 202 of the tracking error signal TES depends on the amounts of eccen- 
tricity, friction, and oscillatory disturbance which are applied at the time of track jump. The continuation time T1 of the 
first kick pulse 180 is set to be shorter than the expected shortest time T6 considering the assumed amount of eccen- 
tricity, friction, oscillatory disturbance, and the like. Thus, the continuation time T1 cf the first kick pulse 180 is always 
held constant and the acceleration amount of the first kick pulse is also held constant. As shown in Fig. 43B, when the 
height A2 of the second kick pulse 1 82 is set to A2 = 0, since the accelerating or decelerating operation by the Second 
kick pulse 182 is eliminated, even if a variation occurs in the detection time of the track zero-cross point 202, the speed 
variation AV at the end of the acceleration due to the variation of the detection time is zero as shown between points 
208 and 210 in Fig. 43C. However, if the height A2 of the second kick pulse 182 is set to A2 = 0, when a large distur- 
bance is applied in the decelerating direction, there is a case where the positioner is moved backward due to the insuf- 
ficient acceleration before it reaches the track zero-cross point 202. In such a case, as shown in Figs. 44A to 44C. the 
height A2 of the second kick pulse 1 82 is set to an acceleration pulse with a height lower than the height A1 of the first 
kick pulse 180. In this case, although it is a main object of the first kick pulse 180 to obtain the speed for track jump, it 
is sufficient to set the second kick pulse 182 to the minimum height A2 larger than the sum of the disturbance in the 
decelerating direction which is presumed. By setting the height as mentioned above, the backward movement due to 
the disturbance can be prevented and a trade-off of reduction of the speed variation due to the variation in detection 
time of the track zero-cross point can be accomplished. The method of deciding the kick pulse in the track jump signal 
in Figs. 44A to 44C is reflected substantially to the track jump signal in Figs. 35A to 35C already described above. 
[0078] According to the invention as mentioned above, by performing the feed-forward in which the repetitive dis- 
turbance compensation signal such as a medium eccentricity or the like obtained at high precision by the learning con- 
trol for track-following control is added to the track jump signal during the track jump, the repetitive disturbance such as 
eccentricity disturbance. Coulomb frictional disturbance, or the like can be precisely compensated. 
[0079] By performing the feed-forward in which the value just before the track jump of the low band compensation 
component of the track-following feedback control system is added to the track jump signal together with the repetitive 
disturbance compensation signal, the compensation can be performed at the highest possible precision even for the 
non-repetitive disturbance such as an oscillatory disturbance from the outside of the apparatus in addition to the repet- 
itive disturbance. 

[0080] For dealing with the insufficient acceleration due to the inaccuracy of the repetitive disturbance compensa- 
tion signal in the case where it's used during the track jump under the existence of Coulomb friction disturbance, the 
track jump signal having the first and second kick pulses designated by considering the feature of the insufficient accel- 
eration is applied, thereby preventing the backward movement of the positioner during the track jump. 
[0081 ] Further, the continuation time of the brake pulse subsequent to the kick pulse of the track jump signal is set 
so that the track jump signal is finished at a position that is 1 /4 track befor the target track, accurately speaking, so that 
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the track jump signal is finished at a position near a point where the tracking error signal indicates the peak value, 
thereby advancing the timing to shift the control mode to the lead-in control system which is started after the end of the 
track jump, raising the possibility of the compensation according to the feedback control, and performing the stable and 
high precision lead-in after the track jump. 

5 [0082] Further, during the lead-in transient response when the control mode enters the lead-in control after the end 
of the track jump signal, the arithmetic operation of the low band emphasis calculating unit of the track-following feed- 
back control system is kept stopped. The arithmetic operation of the low band emphasis calculating unit is restarted at 
a timing near the timing when the tracking error signal is converged, thereby preventing the low band compensation 
component from being oscillated due to the transient response of the lead-in control and preventing the deterioration of 

io the low band compensation precision due to the low band compensating fitter after the lead-in as much as possible. 
Therefore, the stable track jump can be performed even in the apparatus in which the Coulomb frictionat disturbance 
cannot be ignored like a single stage apparatus. 

[0083] A principle of the low band emphasizing filter (low band compensating filter) 124 in Fig. 15 will now be col- 
lectively explained. 

is [0084] The low band emphasizing filter (low band compensating filter) 124 in Fig. 15 is constructed by a PI com- 
pensating filter as shown in, for example, Fig. 45A. In the feedback control unit 80 shown in Fig. 45A, as a final value of 
the low band compensation component just before the. track jump that is fed-forward during the track jump, a value 
obtained by multiplying the final value just before the track jump of the signal of either a "PI type low band compensation 
component" or an "I type low band compensation component" by a correction coefficient (corresponding to Kcomp in 

20 Figs. 1 7A, 1 8A, 24A, and 25A) is used. Any of those values is held by the sample holder 1 1 4 and feed-forward added 
during the track jump. In case of using the feedback control unit 80 in Fig. 45A, a calculation of the integration compen- 
sation calculating unit (low band emphasis calculating unit 146 in the embodiment) is stopped simultaneously with. the 
start of the track jump while holding and outputting an integration value just before the track jump. During the track jump 
and until the elapse of a predetermined time after the end of the track jump (end of the track jump signal), the integration 

25 compensation calculating unit continuously holds and outputs the integration value just before the track jump and, after 
that, restarts the integration compensating calculation by using the held integration value as an initial value. Since the 
selector 1 10 is switched to the track jump signal side simultaneously with the start of the track jump, an output of a 
phase-lead calculation is not reflected to a drive command signal. However, a phase-lead compensating unit continues 
the calculation even during the track jump. That is, during the track-following control until a timing just before the track 

30 jump, a phase-lead calculation is performed by using a PI compensation output (PI type low band compensation com- 
ponent) as an input. After the start of the track jump, an addition value (at the addition point 1 34) of the integration com- 
pensation output which was held to a constant value and outputted and a signal (this signal fluctuates in response to a 
TES change) obtained by multiplying the TES signal by Kp is used as an input, and the phase-lead calculation is con- 
tinued. The selector 1 10 is again switched to the phase-lead compensation output side simultaneously with the end of 

35 the track jump signal and the lead-in control is started. Since the phase-lead compensating calculation is continued as 
mentioned above, the valid driving signal for the lead-in operation is outputted from the phase-lead compensating unit 
instantaneously with the switching of the selector 1 1 0. Since the low band compensation signal held by the integration 
compensation calculating unit is also included in such an output, the low band compensation signal which has been 
feed-forward outputted during the track jump by the selector 120 is invalidated because the selector 120 is switched to 

40 the 0 output side instantaneously with the start of the lead-in. After the elapse of a predetermined time from the start of 
the lead-in. the integration compensation calculating unit restarts the integrating calculation by using the held output as 
an initial value. From this time point, the feedback control unit 80 is recovered to a feedback control system of a perfect 
form for track-following control also including the low band compensating calculation. 

[0085] The low band emphasizing filter can be also implemented with phase-lag compensation. The phase-lag 
45 compensation can be equivalents realized by an additional synthesis of a direct transfer component (DC transfer com- 
ponent) of a proportional component and a result of the low pass filter calculation (the low band emphasis calculating 
unit 146 in the embodiment). In the feedback control unit 80, as a value that is fed-forward during the track jump, there 
is used a value obtained by multiplying the final value just before the track jump of a signal of either the "I type low band 
compensation component" (actually, although it is an output of a low pass filter, it is called an I type low band compen- 
50 sation component for convenience in the invention) or the "PI type low band compensation component" (also referred 
to a PI type for convenience because of the same reason as that mentioned above) by the correction coefficient (corre- 
sponding to K comp in Figs. 22A. 23A, 24A, and 25A). Any of those values is held by the sample holder and feed-forward 
added during the track jump. 

[0086] In case of using the feedback control unit, a calculation of the low band emphasis calculating unit 146 is 
55 stopped while holding internal variables in the filter just before the track jump and holding the output just before the track 
jump simultaneously with the start of the track jump. During the track jump and until a predetermined time elapses after 
the end of the track jump (end of the track jump signal), the low band emphasis calculating unit 146 continuously holds 
and outputs the output value just before th track jump and, after that, restarts th low band emphasizing calculation by 
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using the held filter internal variables and output value as initial values. Since the selector 1 10 is switched to the track 
jump signal side simultaneously with the start of the track jump, the output of the phase-lead calculation is not reflected 
to a drive command signal. However, the phase-lead compensating unit continues the calculation even during the track 
jump. That is, during the track-following control until a timing just before the track jump, a phase-lead calculation is per- 
formed by using a phase-lag compensation calculation output (PI type low band compensation component in Rg. 45B) 
as an input After the start of the track jump, an addition value of the output of the low band emphasis calculating unit 
which was held to a constant value and outputted and a signal (this signal fluctuates in response to the TES change) 
obtained by multiplying the TES signal by Kp is used as an input, and the phase-lead calculation is continued. The 
selector 110 is again switched to the phase-lead compensation output side simultaneously with the end of the track 
jump signal and the lead-in control is started. Since the phase-lead compensating calculation is continued as men- 
tioned above, the valid driving signal for the lead-in operation is outputted from the phase-lead compensating unit 
instantaneously with the switching of the selector 110. Since the low band compensation signal held by the low band 
emphasis calculating unit is also included in such an output the low band compensation signal which has been feed- 
forward outputted during the track jump by the selector 120 is invalidated because the selector 120 is switched to the 0 
output side instantaneously with the start of the lead-in. After the elapse of a predetermined time from the start of the 
lead-in, the low band emphasis calculating unit restarts the low band emphasizing calculation by using the held filter 
internal variables and output value as initial values. From this time point, the feedback control unit is recovered to the 
feedback control system of a perfect form for track-following control also including the low band compensating calcula- 
tion. 

[0087] More generally, the phase-lag compensation as shown in Rg. 45B is constructed by a filter to emphasize a 
low band to improve a low band gain for low band compensation. However, in case of a compensation of the construc- 
tion as shown in, for example, Rg. 45B in which filters are serially connected like 

(phase-lag compensation) + (phase-lead compensation) 

the low band emphasis filter unit usually includes the DC transfer component of the proportional component as shown 
in Rg. 45C. That is, now assuming that a transfer function of the low band emphasizing filter is labelled as G L (s), it is 
expressed by 

G t (s)= - (19) 

a n s +• • • + a 1 s + a 0 



Generally, m £ n. If the low band emphasizing filter includes the DC transfer component of the proportional component, 
the degrees of a numerator and a denominator are equal and m « n . When m = n , the transfer function of the equation 
(1 9) can be generally dissolved as shown by the following equation. 

G l (s)=G l '{s)+K Gl (20) 

[0088] G L '(s) is the transfer function that is strictly proper (namely, the degree of the numerator is smaller than the 
degree of the denominator). That is, when the numerator and the denominator of the transfer function Gl(s) of the low 
band emphasizing filter are equal, as shown by the equation (20), it can be expressed by the sum of a direct transfer 
term (DC transfer term) (KqJ of the proportional component and the transfer function G L '(s) that is strictly proper. In the 
invention, G L '(s) is called a low band emphasis calculating unit. 

[0089] In the feedback control unit 80 in Rg. 45C which generally expresses the low band emphasizing filter, as a 
final value of the low band compensation component just before the track jump which is fed-forward during the track 
jump, a value obtained by multiplying the final value just before the track jump of the signal of either an "I type low band 
compensation component" (although it is actually an output of a low pass filter, it is called an I type low band compen- 
sation component for convenience in the invention) or a "PI type low band compensation component" (also called a PI 
type for convenience in the invention) by the correction coefficient (corresponding to in Rgs. 24A and 25A) is 
used. Any of those values is held by the sample holder 114 and feed-forward added during the track jump. In case of 
using the feedback control unit 80 in Rg. 45C. a calculation of the low band emphasis calculating unit 146 is stopped 
simultaneously with the start of the track jump while holding the filter internal variables just before the track jump and 
holding the output just before the track jump. During the track jump and until a predetermined time elapses after the end 
of the track jump (end of the track jump signal) . the low band emphasis calculating unit continuously holds and outputs 
the output value just before the track jump and, after that, restarts the low band emphasizing calculation by using the 
held filter internal variables and output value as initial values. Since the selector 1 1 0 is switched to the trade jump signal 
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side simultaneously with the start of the track jump, an output of a high band compensating calculation is not reflected 
to the drive command signal. However, a high band compensating unit continues the calculation even during the track 
jump. That is, during the track-following control until a timing just before the track jump, the high band compensating 
calculation is performed by using an output of the low band compensating calculation (PI type low band compensation 

5 component) as an input After the start of the track jump, the addition value (at the addition point 134) of the output of 
the low band emphasis calculating unit which was held to a constant value and outputted and a signal (this signal fluc- 
tuates in response to the TES change) obtained by multiplying the TES signal by (Kp x KqJ is used as an input, and 
the high band compensating calculation is continued. The selector 1 10 is again switched to the high band compensa- 
tion output side simultaneously with the end of the track jump signal and the lead-in control is started. Since the high 

10 band compensating calculation is continued as mentioned above, the valid driving signal for the lead-in operation is out- 
putted by the high band compensating unit instantaneously with the switching of the selector 110. Since the low band 
compensation signal held by the low band emphasis calculating unit is also included in such an output, the low band 
compensation signal which has been feed-forward outputted during the track jump by the selector 120 is invalidated 
because the selector 120 is switched to the 0 output side instantaneously with the start of the lead-in. After the elapse 

t5 of a predetermined time from the start of the lead-in. the low band emphasis calculating unit 80 restarts the low band 
emphasizing calculation by using the held filter internal variables and output value as initial values. From this time point, 
the feedback control unit is recovered to the feedback control system of a perfect form for track-following control also 
including the low band compensating calculation. 

[0090] Although the embodiment has been described with respect to the P type compensation and the PI type com- 
20 pensation as examples, the apparatus can be constructed also in such a manner that the feedback control unit 80 is 
formed by a PID type compensation and during the track jump, an integration calculating unit of the PID type compen- 
sation holds an integration value just before the track jump from a point during the track jump until the elapse of a pre- 
determined time after the end of the track jump, and thereafter, restarts the integration arithmetic operation while the 
held integration value is used as an initial value. 
25 [0091 ] The final value of the low band component just before the track jump of the feedback control signal which is 
feed-forward added during the track jump is obtained by multiplying the final value just before the track jump of the out- 
put of the integration calculating unit of the PID type compensation by the correction coefficient 
[0092] As a final value of the low band component just before the track jump of the feedback control signal which is 
feed-forward added during the track jump, a value obtained by multiplying the final value just before the track jump of 
30 th PI output of the PID type compensation by the correction coefficient can be also used. 

[0093] Although the above embodiments have been described with respect to the optical storage apparatus as an 
example, the invention also incorporates a magnetic storage apparatus or an apparatus of another proper storing sys- 
tem. The invention is not limited by the above embodiments but incorporates all modifications without departing from 
the objects and losing the advantages of the invention. 

35 

Claims 

1. A storage apparatus comprising: 

40 a recording/reproducing unit for recording or reproducing information onto/from tracks by a light spot; 

a track-following control unit for driving a positioner to move a position of the light spot by a feedback control 
signal from a feedback control unit based on a tracking error signal showing a positional deviation of said trade, 
thereby allowing said light spot to trace said track; and 

a track jump control unit for adding a feed-forward signal for repetitive disturbance compensation which is used 
45 for track-following control to a track jump signal to move the light spot to an adjacent track, thereby driving the 

positioner. 

2. An apparatus according to claim 1, wherein as said feed-forward signal for repetitive disturbance compensation, 
said track jump control unit has a learning control unit for capturing an unknown function for one medium rotational 

so period to set a positional deviation amount for a repetitive disturbance to zero as an approximated function which 
is approximately presumed by a learning algorithm and storing said function. 

3. An apparatus according to claim 2, wherein said track jump control unit has a function to hold a final value just 
before the track jump of a low band component of the feedback control signal for the track-following control, adds 

55 the held value to said track jump signal and said feed-forward signal for repetitive disturbance compensation, and 
drives the positioner during the track jump. 

4. An apparatus according to claim 3, wherein a low band emphasis calculating unit in said feedback control unit holds 
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or continuously holds and outputs internal variables and an output value just before the track jump during the track 
jump and until the elapse of a predetermined time after the end of the track jump and, after that restarts a low band 
emphasis arithmetic operation while the held internal variables and output value are used as initial values. 

5. An apparatus according to claim 4, wherein said feedback control unit is constructed by a serial connection of a PI 
compensation and a phase-lead compensation, and during the track jump, an integration calculating unit of said PI 
compensation holds an integration value just before the track jump, for a time interval from a timing during the track 
jump to the elapse of a predetermined time after the end of the track jump and, after that restarts the integration 
arithmetic operation while the held integration value is used as an initial value. 

6. An apparatus according to claim 5. wherein the final value of the low band component just before the track jump of 
said feedback control signal which is feed-forward added during the track jump is obtained by multiplying a final 
value just before the track jump of an output of the integration calculating unit of said PI condensation by a correc- 
tion coefficient. w 

7. An apparatus according to claim 5, wherein the final value of the low band component just before the track jump of 
said feedback control signal which is feed-forward added during the track jump is obtained by multiplying a final 
value just before the track jump of an output of said PI compensation by a correction coefficient 

8. An apparatus according to claim 4, wherein said feedback control unit is constructed by a serial connection of a 
phase-lag compensating unit and a phase-lead compensating unit said phase-lag compensating unit is realized by 
an addition synthesis of a proportional DC transfer component of an input of said phase-lag compensating unit and 
an output result obtained by passing the input of said phase-lag compensating unit through a low band emphasis 
calculating unit as a low pass filter, and during the track jump, said low band emphasis calculating unit holds filter 
internal variables and an output value just before the track jump for a time interval from a timing during the track 
jump to the elapse of a predetermined time after the end of the track jump and. after that restarts a low band 
emphasis arithmetic operation while the held filter internal variables and output value are used as initial values. 

9. An apparatus according to claim 8. wherein the final value just before the track jump of the lew band component of 
said feedback control signal which is feed-forward added during the track jump is obtained by multiplying a final 
value just before the track jump of an output of the low band emphasis calculating unit of said phase-lag compen- 
sation by a correction coefficient, or which is feed-forward added during the track jump is obtained by multiplying a 
final value just before the track jump of an output of said phase-lag compensation by a correction coefficient 

1 0- An apparatus according to daim 4. wherein said feedback control unit is constructed by a PID type compensation, 
and during the track jump, an integration calculating unit of said PID type compensation holds an integration value 
just before the track jump for a time interval from a timing during the track jump to the elapse of a predetermined 
time after the end of the track jump and. after that, restarts an integration arithmetic operation while the held inte- 
gration value is used as an initial value. 

11. An apparatus according to claim 10. wherein the final value of the low band component just before the track jump 
of said feedback control signal which is feed-forward added during the track jump is obtained by multiplying a final 
value just before the track jump of an output of the integration calculating unit of said PID type compensation by a 
correction coefficient or which is feed-forward added during the track jump is obtained by multiplying a final value 
just before the track jump of a PI output of said PID type compensation by a correction coefficient 

1 2. An apparatus according to claim 1 , wherein said track jump control unit outputs a first kick pulse command to output 
a first predetermined acceleration for a predetermined time, subsequently outputs a second kick pulse command 
to output a second acceleration smaller than said first acceleration until it is detected that the Tight spot has passed 
through 1/2 track, and then outputs a brake pulse command to output a third predetermined acceleration (deceler- 
ation) for a predetermined time after the detection of the passage of 1/2 track in such a manner that the track jump 
is finished at a position near a point that is 1/4 track before the target track or at a position near a peak of the track- 
ing error signal near a point that is 1/4 track before the target track as command values of said track jump signal to 
move the light spot to the adjacent target track, and after that, the light spot is led into the adjacent target track by 
the track-following control by said feedback control unit. 

1 3. An apparatus according to claim 2. wherein said learning control unit captures said unknown function by the learn- 
ing algorithm as an approximated function which is approximately presumed by heights Cq to of rectangular 



34 



EP 1 043 715 A2 



functions for intervals 0 to (n-1) obtained by dividing a time for one medium rotational period into N intervals and 
stores said function. 

14. An apparatus according to daim 13, wherein said learning control unit is provided between said feedback control 
5 unit and a driving unit and when the time for one medium rotational period is assumed to be T L , said learning con- 
trol unit captures an unknown driving current function lrepeat(t) (where. 0 £ t < T L : T L denotes a time that is required 
for one medium rotation) which is repeated in a range from a start time t = 0 of one medium rotation to an end time 
t = T L by the learning algorithm as an approximated function l^epeatft) (where, 0 £ t < T L : T L denotes the time 
that is required for one medium rotation) which is approximately presumed by a height Cj (where, i denotes an inter- 

io val number: 0 <, i ^ (N-1)) of each rectangular function of N intervals (where, a time width T of each interval is equal 
to T a T L /N ) indexed from i = 0 to (N-1) obtained by dividing the time T L for one medium rotational period into N 
intervals and stores said function. 

15. An apparatus according to claim 14, wherein said learning control unit comprises: 

15 

a memory having a plurality of memory cells for storing the height Cj of each rectangular function of the inter- 
vats of said approximated function l A repeat(t); 

a sampling unit for sampling a feedback control signal \?& which is outputted from said feedback control unit; 
an approximated function calculating unit for obtaining the height Cj of each rectangular function of the inter- 
na vals of said approximated function ! A repeat(t) stored in each memory cell of said memory by 

C| - K learn * 1 FbW 

on the basis of said control signal I F b sampled by said sampling unit and a predetermined learning gain Kjeam 

25 and updating said height Ci; and 

a feed-forward output unit for reading out the height Cj of each rectangular function of the intervals of said 
approximated function l^epeatft) stored in said memory cells as a learning control signal synchronously with 
the divided period T of said medium rotation, adding said height Cj to the feedback control signal l FB from said 
feedback control unit and supplying a driving signal I V cm to said driving unit 

30 and upon learning, said learning control unit controls said memory, said sampling unit, said approximated func- 

tion calculating unit, and said feed-forward output unit synchronously with said medium rotation. 

1 6. An apparatus according to claim 1 5, wherein 

35 said sampling unit samples the control signal l FB a * a predetermined period T^^e shorter than said divided 

period T, 

said approximated function calculating unit obtains the height Cj of each rectangular function of the intervals of 
said approximated function l A repeat(t) stored in each memory cell of said memory by 

* C. = K lGarn • I ra (t) 

where, 

i: number of an interval that is determined by time t and 0 £ i £ (N-1); for example, i » f!oor(t/T) 
45 T: time width per rectangular function; T = T L /N 

every said sampling period T^p^ on the basis of said feedback control signal l FB sampled by said sampling 
unit and said predetermined learning gain K| eam and updates said height Cj, and 

said feed-forward output unit reads out the height Cj of each rectangular function of the intervals of said approx- 
50 imated function H^repeatft) stored in said memory cells synchronously with the medium rotation every said 

sampling period T 3ampte . adds said height Cj to the feedback control signal l FB from said feedback control unit, 
and supplies the driving signal Ivcm to driving unit. 

17. An apparatus according to claim 15, wherein said feed-forward output unit reads out a value for the time that is 
55 advanced by a predetermined time Atlead of said approximated function l A repeat(t) stored in each memory cell of 

said memory and outputs said value. 

18. An apparatus according to claim 2, wherein said learning control unit performs the capturing operation of said 
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approximated function by said learning algorithm at a specific timing only for a specif ied time and. after the learning, 
said learning control unit outputs said captured approximated function synchronously with the medium rotation and 
performs the feed-forward control. 

19. An apparatus according to claim 18, wherein in the case where the approximated function already captured at 
another position exists with respect to the approximated function capturing operation at said plurality of positions, 
said learning control unit applies the learning algorithm while approximated function data which has already existed 
is used as an initial value. 

20. An apparatus according to claim 1 , wherein said positioner has such a single stage structure that an objective lens 
is focus-controllably mounted on a carriage which is movable in the direction that transverses the tracks on the 
medium, and both a tracking control for allowing the light beam to trace the track only by a movement of said car- 
riage and a seek control for allowing the light beam to be moved to an arbitrary track position are performed. 
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